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ALTITUDE-DEPENDENT ATMOSPHERIC ABSORPTION OF DF. HF,
AND IODINE LASER RADIAL'ON

I. INTRODUCTION

The Applied Optics Branch of NRL's Optical Sciences Divisicn has been actively involved for the
past ten years or so with the accurate characterization of the atmospheri: effects on laser propagation.
Previous work has centered on measurements of Helium-Neon at 0.6328 jsm, Nd-YAG at 1.06 pam,
Deuierium-Fluoride (DF) at 3.5.4.2/jm, CO at 4.9-5.4 Am, and CO2 at 9-11 pm. These lasers operate
in spectral regions where absorption by atmospheric gses is relatively weak, th. so-called atmospheric
windows. The DF laser has shown to be of great interest for Naval use at sea i-vel. Frimarily due to
the small molecular extinction at 3.542 /m, relative to the other windows, and do.-. to the high optical
power available from the DF chemical reaction.

The DF molecule is formed in excited vibration-rotation states (W'J) when deuterium and
fluorine combine. The emitted radiation leading to lasing results during the relaxation V, -'F'|, J' -
J-1. The laser line P2(8), for example, results from the transition P: 2 - 1. J: 8 - 7.

Even rmtore energy per kg of fuel is available in the reaction using normal hydrogen and fluorine
to form HF, with the resulting emission centered near 3.8Am/ % -= 2.7gm. Unfortunately, for atmos-
pheric propagation, this spectral region is dominated by obsorption due to the a.rospheric water vapor.
H20 Yj fundamental vibration centered at 2.7 Am. Where DF laser propagation ai sea levelwill typically
lose 1-10% or its output per km of path (depending strongly on which particular line we consider). the
corresponding HF laser output wdl typically lose 1-10% of its output per meter of path, again depending
strongly on which laser line we consider. Hence, even though HF yields about twice the power of DF
per kg of fuel, the HF atmospheric absorption at sea level is about 1000 times that of DF.

The concentration of atmospheric water vapor decreases with altitude much more rapidly tharl
other atmospheric gases, due to the decreasing temperature. The possibility thus exists that profitable
use may be made of a platform-mounted HF laser if the upper altitude H20 absorption is small enough.
The obvious questiot is, 'what is small enough"? This is left to future study, but what this work
addresses is:

(1) accurately calculate HF and DF laser line absorption for a typical atmosphere for 0-.15 km
altitude.

(2) include a large set of HF and DF laser line frequencies (62 and 104 respectively) 'such
that lines not normally excited in cw laser devices may never-the-less be examined for
zbsorption.

(3) fully describe and document the data bases employed in the caltulations, both .zhsorption
line frequencies and laser emission frequcncics

%1.tnu,.ipt %uhbr. ard :ul) 20. 1982



(4) compare the results with available ,nCasurements and calculations.

f" in Chapter 2 we briefly describe the linc-by-linc method for high resolution tranimittance cahkula-
tions (generic HITRAN). We list the pertinent iiHsumptions in the NR[. code. We detail the origin
and accuracy of the laser line frequencies.

-." results for 62 [IF and 104 DF frequencies ire presented, at each (if 16 layers. in tabular form
in A_, ".u.,iccs C and 1). Both the absorption coeffiicient k (knf- units) and the tranmiý.nce T -

Sfor a ji Kilometer path L arc listed. Severa! important lics are compared with previous work. and
several plots of k vs altitude are presented in Chapter 3.

Chapter 4 describes the effect of considering the variation in the line-to-line output power spectral
distribution ;hich occurs in multiline devices. 1'Thapter 5 discusses some important fu~ure work needed
to extend and :pply the results presented heoe.

This study presents little that is new as far as analytic methods of calculation, and much credit is
due to prevyvus work as noted in t.he References. We do however, give some new resuitb:

(I) altitude deper.Jent absorp'ion profiles using up-to-date absorption line parameters.

(2) '.se of many iiew HF and DF line frequencies, principally applicable to outputs of modern
pulsed devices.

(3) a review of spectral output distributions and their effect on propagation.

We hope that the current-ness nnd broad scope.will make the results useful to a large number of
.,sets in the HEL vropagation community.

ii. ABSORPTION CALCULATION METHODOL)GY

V A. Review of the HITRAN Method

T7.e absorption coefficient A(a) at frequency v, is the sum or contributions from absorption lines
centered at all other frequencies aV. We employ the usual assumption or a Loreatz lhneshape for
infrared transitions at atmospheric pressure:

•kL•a,) - I_(v__ VS 2 (ll

Where S is the in,*- -!e-! !ine absorption strength (cm-1/rnolecule/cm- y is the presure-&-pendent

HWIiM linewidith, and (a-a,) is the spectral separation of the line center (,') from the freq.,cn%:.' of

interest (04. The optical .,,rinty of abs:,hing. mol'!cules is given by u, the product of 'the number den-

W sity (mo!kculei/cm ) and the path length (cm). As described in detail in the matcriai accompanying

the AFGL absorption line Atlas (1.2). S. y. I". and E" %,he lower statc energy which aTffcts the tem-

perature dependence) are all species (il and lrcquency (j) dependent. The optical thickne,;. it. ,Aso

depends oi' species ,,a the: aito-pheric cornc.ntraiion. Assuming a honriogeneou, pIath the net ,hsorp-

tion coefficient at frcqtjeni y v is gi',en by:

-- . sV,, (Sk!.(•,) " ,.•-- •, r (G, - I,",), + ( ,)

%Jl*l *Ifl



The prcssurc-dependcnit lincwidth y~, is given by:

Y12-11 + hPl (3)

wherc b, is the sclf-to-forcign broadening ratio (5.0 is assumed fro water vapor). Detatils of thc
broadcn;r~g mechanisms and .assumed coellicicnts wilt not be repeated here. and the reader is referred

U to the references for specifics.

In practice the j sum in Eq. (2) is truncated to include only tines within a reasonable separation
from the frequency r. The NRL HITR,%N program uses * 20 cm-t for the bound on 6s-0i. The
truncation crTor for a line of unit strength and typical (sea-level) / or 0.07 cm-1 is less than 0.02%
maximum and the truncation error decircases rapidly with decreasing pressure. Nevcrthcless the cumu-
lative effect iut the far wings e4 1120 tines is probabty responsible for the continuum absorption of H2,0
and we discuss this importantt effect shortly. We also point out that the assumption of linearity implicit
in the sunmrniion ;n (2) asre~ the same species does not strictly apply. The nora-Lorentzian appearance
of absorption ;^,., ir. P~e oxy~gen bands at 60 and 120 Gliz. and in the C02 band head at 4.18j pm ma.,
* be a manisftstat~ii o6 a following effect: superposition does not strictly bold when energy levet spac-
ing is less than a pressure broadened line-width (3). We mention this topic because the spectral region

U of intcerest in the present study encompasses both the 4.2 $am C02 band and the dense 1120 band itj 2.7
Ipm. A previous study required super-Lorentz tineshapes to obtain curve-fits to pressure dependent,
single frequency measurements at 2.7 pim (4.6). We choose to defer further discussion of this interest-
ing phertomena until more experimental data is available, and we point out that the results presented
here were computed using the usual Lorentz (Not; Voigt) linesh~ape.

The atmospheric pressure (sea-level) line-width varies from abaut 0.03 to o !o cm-, e-pending on
species. At reduced pressures the collision frequency is negligible compared to the Dooper shift fre-
quency spread y~ given by:

For temperatures encountered in this study the Doppler widths vary front 0.3006 cm-1 for CO2 at 15
km altitude to 0.0063 cm-' for CH4.at sea level. The pure-Doppler'linesbape applies for pressures less
than about t0 torr:

V (I I

The assumed atmospheric profile employ- a pressure variation of 760 to 98 torr for 0 to 15 kmn
altitude. At 98 tort total pressure the Doppler and Lorentz~ half widths arc within an order of magrai-
tude sitce the Lorentz width decreases with pressure. The proper way to combine -he two effects is
using the Vetigt lineshape (7) which is the convolution of the two:

k, (t _t=n2' - 2 dt 6

where
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and

Vo

The NRL JIITRAN Program uses the Voigt routine from the AFGL progiam FASCODE (8). Standard
assumptions (I) regarding temperature effects on linewidth. molecular number density, and use of the
Burch water vapor continuum are made.* The usual lI2O self-to-foreign broadening ratio of 5 is used

'" with no line-to-line variation.

The DF laser spectral region also requires consideration of the NZ continuum, due to collision-
induced absorption. This effect depends on the number of N2 molecules present, and on the collision
rate. hence as the square of the nitrogen partial pressure. The N2 continuum is centered near 2330
cm-'. within the CO2 P3 hand, but extends both above and below the CO2 feature. At 4.215 ,um the N2
continuum absorption, at sea level, is about 0.10 km-'. and decreases to less than 0.001 km-' at the
high frequency end of the DF region.

We point out that the program FASCODE (Fast Atmospheric Signature -ode) from AFGL is

specifically designed for varying lineshape altitude dependence, path refraction, radiance contributions.
-. . and many additional subtle features not required in the present study.

B. Laser Line Frequendces

We have primarily used the HPF And DF laser line frequencies of Sergupta. Das and Rao (9).
which can probabl) be assumed accurate to 0.001 cm-1. About 1/3 of the laser frequencies reported
here were not accessible to the OSU group. For these we used Wilkens' (10) values calculated from

". published Dunham coefficients and isotopic relations. These are accurate kn about 0.02 cm-1.

C. Assumed Atmospheric Profile

Table I and Figs. 1-3 summarize the altitude profile we have used for total pressure, water vapor
partial pressure (50% relative humidity). and temperature. This is the same profile used by the WSMR
study (4.6). and we chose to use the same profile so we could compare our results with the results they

present for seven HF lines. Results for some HF lines and many DF lines were presented in the 1978
AFGL LASER report (1I), for 2 altitudes, but these are based on results calculated using the 1978 tape
and prior to the new HF and DF laser line frequencies. Our results use the 1980 tape and the recent
laser frequencies.

We have not treated the important subject of aernsol scattering, and the interested reader can find
useful material in the LASER documentation.

* iI. RESULTS AND DISCUSSION

11F and DF Laser absorptior, tahl:s are presented in tabutar form it the -ppendicke. Pc•,iou.
%ork his centered on calcul•tion ol 7 5Il" absorption coeffic;ents and comparison %,th measurements
(4.6). and calctilation of several Ill- ,ind many DM lines with the 1962 US St ndard Atmosphere (Ii1
As discussed previously. *a chose tite S(Q, relative humidity atmosphere profile so we could compare

Sour results with the seven IfF lines in the ASL. work. This comp:trison is mnad; in Table 11.

4



Table I Assumed 59. Relative Ilumidity Attitude Profile

Altitude Tcmp Total lipO
(kmn) (°C) Pressure Pressure

I. (o.(off)

t0 21 760.0 9.325
1 17 676.6 7.265

S 2 1I? 601.7 5.260
3 6 532.7 3.507

t4 0 471.2 2.290
3 5 6 415.6 1.383

i6 -12 365.4 0.816
S7 -18 319.6 0.470

S8 -25 279.1 0.238
'9 -31 243.1 0.130

"1 0 -38 210.8 0.0605
11 -44 182.3 0.0305

!12 -51 156.8 0.0132
S13 -57 134.3 0.0061;14 -. 7 114.8 0.0061

1115 -57 97.5 0.0061

Table,,• I - sue 5O'w~ Rczv humidt Al iud roile

a

a 26 .260

6 -1 365.4 0. t16

ALTITUCE OLMIk

!.g Atmo25heric p279.ur1 0r.2fi 3
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Table It. HiF Las•r Line Absorption Coellicients, Comparison of this Study and Ref. (4)

lIF Line Ref 0 km 5 km 10 k,4, 15 km v (cm-1)
P1 (4) ,RL 7.9 km-1 1.0 km" 4.2 E-2 km-1 3.1 E-3 kn-' 3788.370

(4) 911 0.9 .3.0 E-2 1.5 E-3 37F8.2253

P, (6) NRL 99 13.1 0.63 6.7 E-2 3693.4130
(4) 130 16 0.75 8.5 E-2 3693.4226

P, (7) NRL 26 3.1 0.26 3.6 E-2 3644.1430
(4) 39 5.0 0.50 8 E-2 3644.1454

P2 (5) NRL 43 5.4 0.66 0.21 3577.4970
(4) . 45 5.0 0.70 0.30 3577.5002

P2 (6) NRL 30 2.3 5.3 E-2 5.8 E-3 3531. 1705
(4) 36 2.5 6.0 E-2 7.5 E-3 3531.1747

P2 (7) NRL 4.1 0.31 8 E-3 6 E-4 3483.6515
(4) 4.7 0.35 9 E-3 9 E-4 3483.6522

P2 (8) NRL 0.49 3.9 E-2 I E-3 2 E-4 3434.9949
(4) 0.45 3.8 E-2 I E-3 2 E-4 3434.9994

The agreement is generally within 15%, with the NRL values equal to or. less than the ASL
values. It is difficult to draw conclusions based on only these seven HF lines, but tne numbers
presented in this study can probably be used with 15% error bars confidently. The experimental work
performed at ASL concluded that the self-to-foreign broadening ratio for 1izO absorption half-widths
was variable in the range of 5-8. Since very few, if any, l3ser lines are exactly coincident with H20
absorption, fines, the line broadening effect they propose would lead to an average increase in the wing
absorption. ieonce we would, on the average, expect their values to be somewhat higher than ours.
since we used a self-to-foreign ratio of 5 exclusively.

Figures 4-6 are plots cf absorption coefficient vs altitide' for HF P2 (8). P2 (7). and P, (7), using
the data presented in the previous section. The fall-off of absorption with altitude generally follows the

211O partial pressute altitude profile, but we point out that the line shape narrows with altitude increase.
SThe Doppler component or. the VoiSt lineshape narrows with decreasing temperature. as does the

Lorentz component. *The high density of ItM lines in the IIF region precludes the use of a simple
single-line model. HIence studies of 1iF absorption at the complete range of humidities will require a
large number of line-by-line computations We would expect. for 20% accuracy, that polynomial
expressions for [iF absorption could be'deeloped, as has been done succesfully in the past for other
monchromatic absorption coefficients (12. 13. and"reference's cited herein).. One %xample of such a
polynomial expression is given in equation (7) below:

k- .40 + A T + AP + A, TP (7)

A .4. P' + 4, TPW + .4, TP + .4- TIP

The nine constants X,\. .... A• are generated with a litting routine from a sct of ttITRAN results at ',tri-
ous temperatures T. and partial presuiecs P.
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Another conclusion obvious from Figures 4-6 is that the very high HF absorption at sea level
becomes quite modest above 6 km or so. Of course aerosol scattering for very long paths will also con-
tribute, but clearly the HF laser water vapor absorption problem diminishes quite rapidly with altitude.

IV. OUTPUT POWER SPECTRAL DISTRIBUTION

The spectral distribution of atmospheric absorption lines is indeed complicated. A point often
overlooked, however, is that the output power spectrum from multiline lasers is also complex. We
tend to focus attention on single-line absorption phenomena when it is the net absorption we wish to
minimize. We can represent this by

A-. - k,&, (8)

where fj is the power fraction emitted into the ith laser line, and k, is the atmospheric absorption
coefficient of that line. In the DF laser rgion this multiline analysis is very impo,-,nt due to the .CO2
band head absorption feature at 2396 cm-1. The -itmospheric absorption changes by about five oders
of magnitude over a narrow spectral region of a few wavenumbers. Significant absorption ;n this region
can lead to deleterious norm-linear phemonena such as thermal blooming.

Table Ill presents some sample spectral distributions. The observed distribution depemids strongly
on fuel flow rates. pulsed vs cw operation, and optical coating spectral properties, to name just some of
the variables. 'The Lumonics device is a commercially available pulsed device operating on SF6 fuel and

" . is electric discharge initia;ed. The other DF devices are'all combustion driven chemical lasers. Table
IV gives the data for the Lumenics HF device. State-of-the-art e-beam pulsed DF lasers have been
observed to emit as far out as 5 gtm (14). This was the motivation for carrying out the calculations it,
CH. 3 to such high quantum numbers.

Table V presents the results of applying Eqn. 28) to the lM and- lIIF ectral 6strtbuton, ;
presented in Tables IlI and IV. The absorption coellicient-;/ , are from Chapter 3. The computer pr•,-
gram DFFOWR was written to handle these ..nputations.

9



Table Ill.
Output Powcr Spectral Distributio.ns from Several OF Lasers

1)1: Line Lumonics (151 MIRACL (16) BI) (17) NACI. (18) NRL (19)
P, (5) 0.2%, 2.4
P, (6) 0.9 0.7 3.0
P, (7) 2.1 2.1 3.3
P, (8) 3.2 7 5.5 0.5 4.1

P, (9) 3.) 31 11.0 3.3 3.6
P, (t0) 1C 16 6.9 6.9 2.7
P, (1') 3.7 4 5.8
P1 (12) 8.5

P2 (3) 1.4 4.1
P2 (4) 3.0 6.5
P2 (5) 4.1 8.0
"P? (6) 6.9 2.8 9.2

P2 (7) 4.6 4.8 9.8P, (8) 9.2 II 18.6 3.7 9.8

P, (9) 7.6 8 12.4 9.1 7.4
P2 (10) 5.7 7 6.2 15.9 5.9

P, (11) 3.4 1 0.7 15.1 4.7
Pz (12) 0.2 I 17.4 1.8
P, (3) 2.3
P3 (4) 3.4

P3 (5) 3.9 1.8
P% (6) 5.0 2.1 2.1
P3 (7) . 5.5 3 9.7 3.6
P3 (8) 6.2 4 10.3 6.2 3.3

P, (9) 5.0 6 4.1 5.4 1.8
P3 (10) 3.7 I 2.1 2.2 1.5
P3 (1I) 2.1
P3 (12) 0.2

Table IV. A Pulsed [IF Laser Output Power Spectral Distribution (15).

P, (4) 0.8% P2 (6) 9.7
Pg (5) 0.0 P2 M7) 16.1
P1 (6) 4.0 P2 (8) .14-.5
P1 (7) 16.1 F 1 (9) 1.6
P, (8) 16.1 P3 (3) 0.4
P, (9) 2.0 P3(W 1.6
P2 (3) 0.4 P3 (5) 3.2
.P, (4) 1.6 P3 (6) 3.2.
P2 (5) 7.3 P., (7) 1.2

I0
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Table V - Powcr-Weighted Absorption Coefficients

Lumonics-DF MIRACL HDL NACL NRL Lumonics-IIF'
0 km .0466 km-1 .0461 .0408 .0476 .0406 18.75

5 km .0099 .0 108 .0106 .0122 .0083 2.423

10 km .0025 .0037 .0033 .0035 .0021 0.2874

15 km .0025 .0017 .0011 .0010 .0006 0.0645

With the exception of the 111F device, the power weighted coefficients are remarkable close to one
another. This is primarnly due to the fact that thc laser power distributions considered here did not
include any lines beyond 2400 cm-1 in the dense C02 region. From 2400 to 2800 cm-1 the HZ0 con-
tinuum and N2 continuum are comN~.itively fiat and tend to smooth out the line-to-line vasriations
when an entire output spectrum is computed. The rather modest absorption of HP at the uper altitude
is apparent in the last column of Table V. Again, this is duc to thc rapidly diminishing H20 concentra-
tion with altitude.

We expect future results of output power spectra from. pulsed DF lases *ill be available so a
similar analysis can be performed in the citifcal long wavelength region.

V. FUTURE WORK

This study was undertaken to obtain long-wavelength absorption coefficients, to examine altitude
dependence, and to consider output power spectral variations. As a result of this work we have
disco-erea several interesting areas which might be looked into.

1. Repeat the altituce dependence calculations fcr the 1 90. U.S. Standard Atmosphtere for 0
to 100 km, as was done in the LASER report (11). include aerosol extinction.

2. Acquire some spectral data on pulsed DF output distribution. The dramatic increase in
absorption beyond 2400 cm-' needs to be examined for a real device output.

3. Develop polynomial mi'dels, as in Eq. (7). so systems-studies can be undertaken with rea-
sonable computer time exp,.nse. Include altitude as a variable.

4. Examine the self-to-foreign broadening ratio of the water vapor halfwidth in the lip
region. The ASL work pointed out a variation of 5 to 8, b~ut this was based on data taken
with a fixed-line frequency laser. A lineshape study with the tunable laser, such as a-color
center dievice or a tunable diode. would contributi voluable data on this important prob-
lem.
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Appendix A

IODINE LASER LINE FREQUENCIES

The Iodine chemical laser, which operates ai 1.315/um, is an ottractivc candidate for upper atmo-

W sphere use. The spectral output is an electronic transition split into six closely spaced (hyper-line) com-
ponents. We have employed the frequencies given in a recent Aerospace Corp. report (2 ).

Table A-i - Iodine Laser Frequencies and Intensities

LINE FREQUENCY % POWER
2-3 7602.81 cm-1  13
2-2 7602.87 Is
2-I 760z.90 13
3-4 7603.30 38
3.3 7603.44 17
3-2 7603.51 4

1

F

S

'4



Appendix B
IODINE 'ALTITUDE DEPENDENT ABSORPTION

Table B.1 presents IIITRAN results. fro tI'e sanie modt.1 atmosph-.rc discu-,scd in ('h~,pwr 2. rot
the Iodine Iascr frcquecniesma 1.351I jm. In [his %pel:Iral region thce is nn; zaiinuum .absorption. and
clearly the trAnsmittan~c is very high. Sinvv thc %%u~clcngth is ahout 2.3 times shortci, than M*. avrosoI
scattering is likely. to be Ql.3)" or about 63 time-; worse than at t* wa~eclngths. Thc caffects of acrosol
scattering at these althiw'cs would he a good topic to consider in a follow-on study.

Table 114 Iod~ine Lasecr Absorption Cocfllieints Ikm-1 units)
SON,' Rclitivc flumidity Model

Attitude 2-3 2-2 2-1 3-4 3.3 3.2
0 km 1.091:-I 1.26E I l.58E-.I 31711-2 3.71 E-2 3.82E-2

I 7.74E.2 9.3211-2 1.18E.1 2.67E-2 2.57E-2 2.64E.2
2 3.09E-2 6.451E-2 9.2511-2 1.71C--2 !A.64!r. I f-QrE.2
3 3.06E.2 4.14E-.2 5.29E-2 l.OOE.2 0.63E.3 9.89E-3
4 1.80E-2 2.64E-2 3.33E-2 5.76E-3 5.54E-3 5.68E-3
5 9.86E-3 1.56E-2 1.94E-2 .3.06E 3 2.9411-3 3.01E-3
6 5.23E-3 9.21 E-3 1. 11E-2 1.59E-3 t.5'.E.3 1.56E-3
7 2.7011-3 5.41E-3 6.22E-3 8.0122-4 7.68E-4 7.87E-4
8 1.22E-3 *2.83E-3 3.0711-3 3.59E-4 3.43E-4 3.50E-4
9 6.0011-4. 1.62E-3 1.64E-3 1.7511-4 1.65E-4 1.6911-4

10 2.SSE.4 S. IE-4 7.63E-4 7.44E.5 6.91 E-5 7.03E-5
I I 1.19E-4 4.45E-4 3.91 E-4 3.52E-S 3.I1SE-5 3122E-5

3.12 5.15E-5 2.16E-4 1.83E-4 1.57E-5 1.3-1E-5 1.34E-3
13 2.5311-3 1. 1 E-4 9.62E-5 8.0 1E-6 6.3811-6 6.30E-6
14 2.OSE.5 I.ISE-4 8.29E.5 6.3SE.6 5.17E-6 5.13E-6

VIs 1.65E-5 1.23E-4 7-16E-5S .06E-6 4. 1 E-6 4.16E-6
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Appendix C
HF ABSORPTION TABLES

0) kir ALTITV'IE

"V' 9.325 TORR H20 (IN 760 TORR AT 21.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(I/cm) (1/km) AT 1000 M.

HF POI-02 3877.860 2.45F 01 0 000
HF P01-03 3833.810 8.08E 01 0.000
HF POI-04 3788.370 7.92E 00 0.000•HIF PO!-05S 3741 600 2.39E 02 0.000

HF PO0106 3693.413 9.93E 01 0.000

HF PO.07 3644.143 2.57E 01 0.000
HF POI-08 3593.706 7.21E Of 0.000
HF POI.09 3542.159 6.70E 00 0.001
HF POl-10 3489.560 1.67E 00 0.199
HF POI- 11 3435.965 5.90E 00 0.003

HF POI-12 341.432 3.51E-01 0.704
HF POI-13 3326.018 1.27E 01 0.000
HF POI-14 3269.781 5.37E-01 0.584
HF P01-IS 3212.778 L.OSE W 0.351
HF P02-02 3708.783 2.OUE 02 0.000

HF P02-03 3666.356 2.72h 01 0.000
"HF P02-04 3622.577 8.48F. 0! 0.000
HF P02-05 3577.497 4.29E 0! 0.000
HF P02--6 3531.170 3.04E 01 0.000
HF P02-07 3483.652 4.09E 00 0.017

HF P02-08 3434.995 4.89E-01 0.613
HF P02.09 3380.256 5.SSE 00 0.004

* HF P02-10 3334.490 1.77E 01 0.000
HF P02-11 3282.754 3.99E 00 0.018
HF PO2-12 3230.101 I.I1E 01 0.000

HF P02-13 3176.588 7.86E-01 0.4,6

HF P03-03 3503.612 5.87E 03 0.000

w HF P03-04 3461.440 5.C4E 01 0.000
HF P03-05 3417.996 1.84E 00 0.159
HF P03-On 3373.334 1.651-01 0 848

IIF PO3.0-0 3327.508 1 SUE -O! 0000
HF P03-08 3280.571) 2.37E 00 0.094

w lF P03-09 3232.574 3.76E 00 0.023
!tF P03.10 3183 575 4.73E-01 0 623
HF P03-11 3133624 6.28E 0G $).002
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"0 km ALTITUDE

"9.325 TORR t(20 (IN 760 TORR AT 21.0 DEG: C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCT ION- TRANSMITTANCE
. 1/cm) (hIkm? AT .1000 M.

SHF P03-12- . 3022.776. IIlE 01 0.000
HF P03-13 3031.083.1 7.91 E GO 0.000
HF P04-03 . 3344.946 1.29E-01 0.679
HF P04-04 J3)4.135 3.61E-01 0.697
HF P04.05 . 3262.474 2.04E 00 0.130

H.F P04-06 3219.420 1.OtE 02 0.000
HF P04-07 3175.228 6.13E-01 0.542
HF P04-08. .3129.951 3.42E-01 0.711

* HF P04.49 . 3083.640 5.99E-01 0.549
HF P04-40 3036.351 9.25E-01 0.396

HF P04-11 2981.124 1.24E 00 . 0.288
HHF P04-12 .. 2939.006 4.97E.02 0.951

"" HF P04-13 2889.039 "!.39E-02 0.986
HF POS-43 3189.753 1.8OE-0I 0.835
HF P-04 3150.685 1.80E-01 0.835

HF P05-OS 3110.367 9.92E 00 0000
HI P0546 30W8.880 4.95E-0I 0.610
HF : POS47 3026.272 1.80E O0 0.165
HF P05.0 2912.592 S.74E-01 0.563

2HF P0549 937.889 3.3%E-0I 0.713

HIP P06-04 . 2999.911 6.91E-02 0.933
. HF P06-O5 2961.081 4.99E01 0.607

HF IP04" 2921.320 6.18E-02 0.940
- IF P06407 2880.451 1.91E-02 0.981

HF P06.08 2538.307 1.02E-01 0.903
HF P06-09 2794.710 1.63E-02 0.984
HF P04-10 2 " 749.487 1.94E-02 0.981

"17

S*



I km ALTITUDIE

7.265 TORR 1120 (IN 677 TGRR AT 07.0 DEG. C I

LASER LINE WA% f:NUMhiLR 1IX IlNC7ION TRANSMITTAMC!'
(Ir/cm) (1/km) AT 1000 M.

[iF Po1-02 3877 860 1.791- otl O0OO
[IF P101-03 3833810 5.77E 01 0.000
IIF PO1.04 3788 370 5.87 100 0.003

IIF 1(0I-05 3741.600 1.701 02 0.000
IIF P01-06 3693.413 7.521' Oi 0.000
I1F POI-07 3644.143 i.86EI 0 0.000
IIl PO1.08 3593.706 5 OSE 01 0.000
!I1: PO1-09 3542159 4.66t, 0O 0.009

IIlt P91-10 3489.560 [.15E 00 0.316
IlF PO-I 1 3435.965 4.59E 00 0.010
tIF POI-12 3381.432 2.41E.01 0.736
III POI-1; 3326.018 1.02E 01 0000
Hir POI-14 3269.781 3.74E-01 0.688

WIIF P`0-15 3212.778 7.SIE-01 0.472
lIF P02-02 3708.733 1 44E 02 0.000
HIF P02-03 3666.356 i.92E 01 0.000
ilF P02-04 3622 577 7.OIE O 0.000
liF P02-05 3577.497 3.13E Ok 0.000

HF P02-06 3531.170 2.11E OI 0.000
HtF P02-07 3483652 2.81E OO 0.060

HlF P02-08 3434.995 3.42E-01 0.711
IIF P02-09 3385.256 3.93E 00 0.020
IIF P02-10 3334.490 1.23E 01 0.000

HF P02411 3282.754 2.RSE 00 0.058
HF P02-12 3230.101 8.67E 00 0.000
HF P02-13 3176.588 5.64E-01 0.569
IHPI P03-03 3503.612 4.19 Of 0.000
hIF P03.04 3461.440 3.80E 01 0.000

HIF P03-05 3417.996 i.28E 00 0.278
lIF P03-06 3373.334 I.M-.-O! 0.894
lIF .PO3-07 3327 508 .IOE 0 01 0.000
HIF P03.08 3280.570 1.72r 00 0.:79
[IF P03-09 3232.574 2.72E 00 0.066

liF P03-10 3183.575 3.381.01) 0.713
tHF P03.11 3133624 4 60F 00 0.010
Ill. P03-12 3o82 776 7 40I1: 00 ) 0 Wi
IIF P03-13 3(.31 033 5 62E 00 0004
tliF P04.03 3344 946 8 731:-02 0.916

18
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I km ALTITUDE

* 7.265 TORR H20 (IN 677 TORR AT 17.0 DEG. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(i/cm) (1/km) AT 1000 M.

HF P04-04 3304.335 2.55E-0I 0.775
HF P04-05 3262.474 1.60E 00 0.203
IIF P04-06 3219.420 8.73E O 0.000
HF P04-07 3171.228 4.42E-01 0.643
HF P04-08 3129.951 2.42E-01 0.785

HF P04-09 3093.640 4.24E-O0 0.654
HF P04-10 3036.351 6.48E.01 0.523
HF P04-11 298M.124 8.60E-9! 0.423
HF P04-12 2939.006 3.75E.02 0.963
HF P0413 2319.039 i.06E-02 0.939

HF P05-03 3189.783 1.30E-01 0.878
IHF P0S-04 3150.685 !.27E-01 0.881
HF Pos-OS 3110.360 7.91E 00 0.000
HF POS-06 3068.830 3.61E-OI 0.697.
HF PO-W7 3020.272 1.29E 00 0.276

HF P05-08 2982.592 4.02E-01 0.609
HF P05-09 2937.889 2.67E.01 0.765
HF P06-04 2999 911 4.88E-02 0.952
HF P06-.0 2%1.081 3.43E-01 0.710
HF P06-06 2921.320 S.17E-02 0.950

* HF P06-07 2880.451 !.41E-02 0.986
HF P06-08 2838.307 7.45E-02 0.928
HF P06-09 2794.710 1.31E-02 0.987
HF P06-tO 2749.487 1.73E-02 0.932

I,

I,
I,

t
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2 km ALTITUDE

5.260 TORR H20 (IN 602 TORR AT 12 0 DEG. C.)

LASER LINE WAVENUMBER EX rINCTION TRANSMITTANCE
(I/cm) (1/km) AT 1000 M.

HF P01-02 3877.860 1.23E 01 0.000
HF POI-03 3833.810 3.84E 01 0.000
HF PO1.04 3788.370 4.10F 00 0.017
HF PO1-05 3741.600 1.13E 02 0.000
HF POI-06 3603.413 5.31E 01 0.000

HF P61-07 3644.143 1.26E 01 0.000
HF ?01-08 3593.706 3.28E 01 0.000
HF P01-09 3542.159 3.01E 00 0.049HF POI-IO 3489.560 7.33E-01 0.480

HF POW11 3435.965 3.23E 00 0.040

HF POI-12 3381.432 1.52E-01 0.859HF POI-13 3326.018 7.54E 00 0.001

HF POI-14 3269.781 2.41E-01 0.786
"H F POI-15 3212.778 5.05E-01 0.604
HF ".?92-02 3708.783 9.77E 01 0.000

HF P02-03 3666.356 1.26E 01 0.000
HF P02-04 3622.577 5.71E 01 0.000
HF P02-05 3577.497 2.14E 01 0.000
HF P02-06 353t.170 i.34E 01 0.000
HF P02-07 3483.652 1.73E 00 0.168

HF P02-08 3434.995 2.20E-0i 0.803
HF P02.09 3385.256 2.58E 09 0.076
HF P02-10 3334.490 7.79E 00 0.000
HF P02-11 3282.754 !.88E 00 0.153
HF P02-12 3230.101 6.00E 00 0.002

HF. P02-13 3176.588 3.79E-01 0.685
HF P03-03 3503.612 2.78E 01 0.000
HF P03-04 3461.440 2.65E 01 0.000

HF P03-05 3417.996 8.27E-01 0.437
HF P03-06 3373.334 7.08E-02 0.932

IHF POJ-07 3327.508 7.35E 00 0.001
HF P03-08 3280.570 1.16E 00 0.313HF' P03-09 3232.574 1.83E 90 0.160

* HF P03-10 3183.575 2.26E-01 0.798
HF P03-I! 3!33.624 3.13E 00 0.044
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2 k1m ALTITUDE

• (5.260 TORR !!20 (IN 602 TORR AT 12.0 DEG. C.) (Cont'a)

LASER LINE WAVENUMbER EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M.

HF P03-12 3082.776 5.00E 00 0.007
HF P03-13 3031.083 3.72E 00 0.024
HF P04-03 3344.946 5.41E-02 0.947
HF P04-04 3304.335 1.67E-01 0.846
HF P04-05 3262.474 1.14E 00 0.318

HF P04 16 3219.420 7.01E 01 0.000
HF K;lO7 3175.228 2.98E-01 0.742
HF P04-0 3129.951 1.61E-O 0.852
HF P04-09 3083.640 2.90E-01 0.756
HF P"4-10 3036.351 4.22E-01 0.656

HF P04-11 2988.124 S.SOE-.O 0.577
HF P04-12 2939.006 2.72E-02 0.973
HF P04-13 2689.039 7.76E-03 0.992
HF P05-03 3189.783 8.67E-02 0.917
HF P05-04 3150.685 8.27E.02 0.921

HF POS-05 3110.367 5.79E 00 0.003
HF POS-06 3068.810 2.47E.01 0.781
HF P05-07 3026.272 8,55E-01 0:42$
HF POS-08 2982.592 2.60E-01 0.771
HF P05-09 2937.839 2.09E-Or 0.811

HF P06-04 2999.911 3.25E.02 0.968
HF P06-05 2961.081 2.16E-01 0.806
HF P 6 2921.320 4.21E.02 0.959
HF P06,07 280.451 9.95E-03 0.990
HF P06-08 2838.307 5.00E-02 0.951
HF P06-09 2794.710 1.03E-02 0.990
HF P06-10 2749.487 1.63E-02 0.984

21



3 km ALTITUDE

Lr '3.507 TORR H20 (IN 533 TORR AT" 6.0 [JFG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(U/cm). (1/km) AT •rO0 om.

"HF P01-02 3877.860 7.77E 00 0.000
" HF POI-03 3833.810 2.36E 01 0.00C
HF 101.64 3788.370 2.66E 00 0.070
HF PO-Os 3741.600 6.89E 01 0.000
HF POI1-06 3693.413 3.47E 01 .0.000

HF POI-07 3644.143 8.06E 00 0.000
HF PO-08 3593.706 1.96E Oi 0.000
HF POI-09 3542.159 1.79E 00 0.167

" "HF PO-10 3489.560 4.27E-01 0.653
HF PO-Il 3435.965 2.03E 00 0.131

HF P01-12 3381.432 8.81E-01 0.916
HF POI-13 3326.013 5.03E 00 0.007

V HF "OI-14 3269.781 1.42E-01 0.868
HF P01-1S 3212.778 3.14E-01 0.731
HF P0.-02 3708.783 6.14E 01 0.000

HF P02-03 3666.356 7.66E 00 0.000
HF P02-04 3622.577 4.olF 01 0.000
HF P02-05 3577.497 1.38E 01 0.000
HF P02-06 3531.170 7.72E 00 0.000
HF P02-07 3483.652 1.04E 00 0.354

HF P02-08 3434.995 I.29E-0I 0.879
HF P02-09 3385.256 !.55E 00 0.212

" HF P02-10 3334.490 4.45E 00 0.012
"HF P02-11 .282.754 1.14E 00 0.321
HF P02-12 3230.101 3.82E 00 0.022

HF P02-13 3176.588 2.36E-01 0.790
HF P03-03 3503.612 1.69E 01 0.000

w HF P03.04 3461.440 1.68E 01 0.000
HF P03-05 3417.996 4.89E-01 0.613
HF P03.06 3373.334 4.08E-02 0.960

llF P03-07 3327.5q8 4.43E 00 0.012
HF P03-)8 3280.570 7.22E-01 0.486
HF P03.09 3232.574 1.13E GO 0.322
HF P03-10 3183.575 1.40E-01 0.870
HF P03-1! 3133.624 1.95E 00 0.142
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3 km ALTITUDE

3.507 TORR 1120 (iN 533 TORR AT 6.0 DEG. C.) (Con!.d)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(Iicm) (Ikm) AT 1000 M.

[IF P03-12 3082.776 3.09E 00 0.046
[IF P03-13 3031.083 2.26E 00 0.105
HF P04-03 3344.946 3.04E-02 0.970
HF P04-04 3304.335 9.95E-02 0.905
HF P04.05 3262.474 7.44E-0l' 0.475

HF P04-06 3219.A20 5.18E O 0.000
HF P04-.07 3175.223 I.88E-01 0.829
HF P04"8 3129.951 9.86E-02 0.906
HF P04.09 3083.640 1.7IE-0! 0.843
HF P04-10 3036.351 2.52E-0; 0.777

HF P04-11 2988.124 3.23E-01 0.724
HF P04-12 2939.006 1.91E-02 0.981
HF P04-13 2889.039 5.49E-03 0.995
HF P05-03 3 189.783 5.26E-02 0.949
HF P05-04 3150.685 4.99E-02 0.951

HF P05.-05 3110.367 3.86E 00 0.021
HF P05-06 3068.88u 1.58E-01 0.854
HF 005-07 3026.272 5.25E-01 0.592
HF P05-08 2982.592 1.54E-01 0.857
HF P05-09 2937.889 1.62E-01 0.85 I

HF P06-04 2999.91' 2.05E-02 0.980
HF P06-05 2961.081" 1.24E-01 0.883
HF P06-06 2921.320 3.37E-02 0.967
HF P06-07 2880.451 6.78E-03 .0.943
HF P06-08 2838.307 3.07E-02 0.970
HF P06-09 2794.710 7 95E-03 0.992
HF P06-10 . 2749.487 s1.5E-02 0.985
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4 km ALTITUDE

2.290 TORR H20 (IN 471 TORR AT 0.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (1ikm) AT 1000 M.

HF P01-02 3877.860 4.84E 00 0.008
HF P01-03 3833.810 1.42E 01 0.000
HF P01-04 3788.370 1.70E 00 0.183HF P01-OS 3741.600 4.12E 01 0.000
HF P0-06 3693.413 2.21E 01 0.000

HF P01-07 3644.143 S.11E00 0.006
HF P01-O8 3593.706 1.lo1Oi 0.000
HF P01-09 3S42.159 L.OSE 00 0.352
HF POI-10 3489.560 2.44E-01 0.783
HF P01-i1 3435.965 1.24E 00 0.289

HF POI-12 3381.432 4.99E-02 0.951
HF POI-13 3326.018 3.26E 00 0.039
HF P01-14 3269.781 8.21E-02 0.921
HF POl-Is 3212.378 1.92E-01 0.826
HF P02-02 3708.783 3.81E 01 0.000

HF P02-03 3666.356 4.56EK0 0.010
HF P02-04 3622.577 3.74E 01 0.000
HF P02-OS 3577.497 8.81E 00 0.000

PF P02-06 3531.170 4.35E 00 0.013
HF P02-07 3483.652 5.92E-01 0.553

HF P02-08 3434.995 7.40E-02 0.929
HF P02-09 338S.256 9.12E-01 0.402
HF P02-10 3334.490 2.47E 00 0.084
HF P02-1l 3282.754 6.71E-O 0.SI1
HF P02-12 3230.101 237E 00 0.093

HF P02-13 3176.588 1.44E-01 0.866
HF P03-03 3503.612 1.OIE 01 0.000
HF P03-04 3461.440 1.04E 0! 0.000
HF P03-OS 3417.996 2.13E-01 0.753
HF P03-06 3373.334 2.30E-02 0.977

HF P03-07 3327.508 2.58E 00 0.076
HF P03-O8 3280.S70 4.39E-Cl 0.645
HF P03-09 3232.574 6.89E-01 0.502
HF P03-10 3183.575 8.48E-02 0.919
HF P03-11 3133.624 1.19E 00 0.303
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4 k- ALTITUD

(4km) ALTITUDAT10E M

HF 1P03-12 3082.776 2.8SE O0 0.i57
HF P03-13 ""3031.083 1.34E O0 0.261
HF P04-03 3344.946 !.67E-02 0.983
HF P1)4-04 3304.335 S.81E-02 0.944
HF P04-05 3262.474 4.68E-01 0.626

HF P04-06 3219.42.0 3.72E 01 0.000
HF P04-07 3175.228 I.!7E-OI 0.890
HF P04-OS 3129.951 5.968-02 0.942
HF P04-09 3083.640 !.03E-01 0.902
HZ' P04-10 3036.351 1.48E-01 0.562

HF P04.11 2988.124 I.SlE-Ol 0.329
HF P04.12 2939.006 1.35E-02 0.987

•HF P04-13 2889.039 3.95E-03 0.996
HF P05-03 3 189.783 3.1 IE-02 0.969
HF P05-04 3150.685 2.96E-02 0.971

HF P0S-0$ 3110.367 2.49E 00 0.083
HF P05-06 3068.830 9.948-02 0.905
HF P05-07 3026.272 3.16E..01 0.729
HF P05'8 2981.592 9.07E-O2 0.913
HF PO5-09 2937.889 l.268-01 0.882

HF .P06-04 2999.911 ! .30E-02 0.987
HF P06-OS 2961.081 7.03E-02 0.932
HF P06-06 2921.320 2.78E-02 0.973
HF P06-07 2880.451 4.728-0Y 0.995
HF P06-08 2838.307 !.84E..02 0.982
HF P06-09 2794.710 6.188-03 0.994
HF P06-10 2749.437 1.398-02 0.986
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5 km ALTITUDE

1.383 TORR H20 (IN 416 TORR AT -6.0 DEG C.)

LASER LINE WAVENUMBER • EXTINCTION TRANSMITTANCiE
(1/cm) (1/kr4,) AT 1000 M.

HF PO1.02 3877.860 2.80E 00 0.061
[IF P01-03 3833.810 7.93E 00 0.000
HF POI-04 3788.370 1.01E 00 0.364
"HF P01-05 3741.600 2.29E 01 0.000
HF P01-06 3693.413 1.31E 01 0.000

HF P01-07 3644.143 3.10E 00 0.045
HF P01-08 3593.706 6.39E 00 0.002
HF P01-09 3542.159 5.69E-01 0.566
HF P01-10 3489.560 1.30E-0i 0.878
HF P01-W1 3435.965 6.93E-0i" . 0.500

HF P01-12 3381.432 2.61E:02 0.974
HF P01-13 3326.018 1.93E 00 0.145
HF P01-14 3269.78! 4;38E-02 0.957

HF P01-15 3212.778 1.08E-01 0.197
HF P02-02 3708.783 2.20E 01 0.000

HF P02-03 3666.356 2.51E 00 0.081
HF P02-04 3622.577 3.02E 01 0.000

HF P02-05 3577.497 5.42E 00 0.004
HF P02-06 3531.170 2.26E 00 0.104
HF P02-07 3 483.652 3.13E-01 0.731

HF P02-08 3434.995 3.91E-C2 0.962
HF P02-09 3385.256 4.95E-01 0.610
HF P02-10 3334.490. 1.26E 00 0.284
HF P02-!1 3282.754 3.66E-01 0.694
HF P02-12 3230.101 1.36E 00 0.258

HF P02-13 3176.588 8.09E-02 0.922

HF P03-03 3503.612 5.54E 00 0.004
f HF P03-04 3461.440 5.91E 00 0.003

HF P03-05 3417.996 1.51E-0I 0.860
1'F P03.06 3373.334 1.20E.02 0.988

HlF P03-07 3327.508 1.38E 00 0.253
HF P03-08 3280.570 2.46E-01 . 0.782
HF P03-09 3232.574 3.86E-01 0.680
HF P03-10 3183.575 4.77E-02 0.953
HF P03-11 3133.624 6.70E-01 0.512
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S km ALTTUDE

1.383 TORR H20 (IN 416 TORR AT .6.0 DEG. C.) (Cont'd)
LASER LINE WAVENUMBER. EXTINCTION TRANSMITTANCE

(I/cm) (1/kni) AT 1000 M.
HF P03-12 3082.776 1.02E 00 0.360
HF P03-13 3031.083 7.37E-01 .0.478
HF P04-03 3344.946 8.57E-03 0.991
HF P04.04 3304.335 3.132-02 0.969
HF P04-OS 3262.474 2.68E-01 0.765

HF P04-06 3219.420 2.44E 01 0.000
HF P04-07 3175.228 6.89E-02 0.933
IiF P04-08 3129.951 3.35E-02 0.967
HF P04-09 3083.640 S.80E.02 0.944
HF P04-10 3036.351 8.02E-02 . 0.923

HF P04-1I 2988.124 1.02E-01 0.903
HF P04-12 2939.006 9.37E-03 0.991
HF P04.13 2889.039 2.84E-03 0.997
HF POS-03 3189.783 1.69E-02 0.983
HF PO5-04 3150.685 1.64E-02 0.984

HF P05-OS 3110.367 1.46E 00 0.231
HF P05-06 3068.880 5.87E-02 0.943
HF POS-07 3026.272 1.76E.0I 0.839
HF P05-08 2982.592 5.09E-02 0.950
HF P05-09 2937.889 9.75E-02 0.907

HF P06-04 2999.911 1.14E-03 0.992
HF P06-OS 2961.081 3.69E-02 0.964
HF P06-06 2921.320 2.33E-02 0.977
HF P06-07 2880.451 3.28E-03 0.997
HF P06-08 2838.307 1.01E-02 0.990
HF P06-09 2794.710 4.78E-03 0.995
HF P06-10 2749.487 1.30E-02 0.987
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6 km ALTITUDE,

•1 •- 0.816 TORR H20 (IN 365 TORR AT -12.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M.

HF P P01-02 3877.860 1.59E 00 0.205
HF P01-03 • 3833.810 4.31E 00 0.013
HF POI-04 3788.370 5.89E-01 0.555
HF P01-OS 3741.600 1.24E 01 0.000
HF POI-06 369,3.413 7.57E 00 0.001

HF P017 3644.143 1.88E100 0.152
HF PO038. 3593.706 3.SOE 00 0.030
HF PO1-09 .3S42.1S9 3.04E-01 0.738
HF P01-10 3489.560 6.85E-02 0.934
HF P011-.I I 3435.965 3.73E.01 0.069

HF P01-12 3311.432 1.33E-02 0.937
HF POl-13 3326.018 L.IOE 00 0.332
HF PO1-14 3269.781 2.28E-02 0.977
HF POI-IS "3212.778 S.97E-02 0.942
HF P0202. 3708.783 1.26E 01 0.000

HF P02-03 3666.356" 1.36E 00 0.257
HF P02.04 3622.577 2.44E 01 0.000
HF P024)S 3577.497 3.38E 00 0.034
HF P02.06 3531.170" .ISE 00 0.318
HF P02407 3483.652. 1.62E-01 0.8S0

HF P02-48 3434.995 2.01E-02 0.980
HF P02.09 3385.2S6 2.62E-0i 0770
HF P02-10 3334.490 6.20E-O" 0.538
HF P02-1 1 3282.754 1.94E-01 0.823
HF P02-12 3230.101 7.SSE-01 0.470

HF P02-13 3176.588 4.45E-02 0.956
HF P03403 3503.612 2.97E 00 0.051
HF P03-04 3461.440 3.25E 00 0.039
HF P03-OS 3417.996 7.86E-02 0.924
FhF P03-06 3373.334 6.15E-03 0.994

HF P03-07. 3327.503 7.O8E-OI 0.493
HF P03-08 3280.570 1.34E-01 0.874
HF P03-09 3232.574 2.11E-0 1 0810
HF' P03-10 3183.575 2.62E-02 0.974
HF P03-11 . 3133.624 3.66E-01 0.693
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6 km ALTITUDE

0.816 TORR 1f20 (IN 365 TORR AT -12.0 DEG. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSM!TTANCE
II/cm) (1lkm) AT I000M.

"HF P03-12 3082.776 5.48E.CI 0.578
lIF P03-1.3 3031 083 3.95E.01 0.674
HF P04-03 3S44.946 4.34E.03 0.996

S ItF P04-04 3304.335 1.64E-02 0.984
HF P04-05 3262.474 i.48E.01 0.862

HF P04.06 "3219.420 1.55E O1 0.000
HF P04-07 3175.228 4.04E-02 0.960
HF P04-08 3129.951 1.85E-02 0.982
HF P04.09 3083.640 3.23E-02 0.968
IIF P04-10 3036:351 4.25E-02 0.953

HF P04.11 2988.124 5.54E-02 0.946
HF P04.12 2939.006 6.62E-03 0.993
Hr P04-13 2889.039 2.09E.03 0.998
HF P05-O3 3189.793 8.93E-03 0.091
HF PO.04 3150.685 9.04E-03 0.991

HF POS-OS 3110.367 8.26E-01 0.438
HF P05.06 3068.880 3.43E-02 0.966
HF P05-07 3026.272 9.S3E-02 0.909
HF P05.03 2982.592 2.91E-02 0.971
HF PO5.09 2937.889 7.SSE.02 0.927
HF P06-04 2999.911 5.23E-03 0.995

HF P06-05 2961.081 1.92E.02 0.981
HF P06.-6 2921.320 2.02E-02 0.980
HF P06-07 -2830.415 1 2.36E.03 0.998
HF P06-08 2838.307 5.45E.03 0.995
HF P06.-09 2794.710 3.71E-03 0.996
HF P06-10 2749.487 1.22E-02 0.988
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7 km ALTITUDE

:, - 0.470 TORR 1120 IN 320 TORR AT -18.0 I)EG. C.)

LASER LINE WAV ENUM8I":R 'X rlNCTION TRANSMITTANCE
E(l/cm) (I/kin) AT 10(0) M.

IiF V"1.02 3877.860) 8.76E-01 0.416
IIF PO1.03 3%33.R!0 2.28E 00 0.102
.iF POI-04 3788.370 3.3611-01 0.715
IIF P01-O5 .3741.600 6.63E 00 0.001
[IF POI.06 3693.413 4.29E 00 0.014

[IF Po0 3644 143 1.15E 00 0.317
HF Nt. 3593.706 i.91E 00 0.147
[IF P01-09 3542.159 1.61E-O! 0.852
,lF POI-10 3489.560 3.58E-02 0.965
-iF PO1-I '3435 965 1.94E.01 0.824

[IF POI-12 3381.432 6.62E-03 0.993
[IF POI-13 3326.018 6.05E-01 0.546
[IF POI-14 3269.781 i.I 5E-02 0.989
HF POI.15 3212.778 3.20Eo02 0.968
IF P02.02 3708.783 7.14E 00 0.001

HF P02-03 3666.356 7.17E-a1 0.488
HF P02-04 3622.577 1.95E 01 0.000
HIF P02.05 3577.497 2.15E 00 0.117

- HF P02-06 3531.170 5.67E-01 0.567
W HF PO?-07 3483.652 8.23E-02 0.92 I

[IF P02-08 3434.995 1.0! E-02 0.990
HlF P02.09 3385.256 1.35E-01 0.874
t1F P02-10 3334.490 2.95E.01 0 745
HIF P02-11 3282.754 I.OOE-0I 0.905
IHF P02-12 3230.101 4.68E.-0 0.665

tIF P02-11 3176.588 2.39E.02 0.976
HF P03.03 3503.612 1.55E 00 0.213
sIF P03-04 3461.440 1.73E 00 0.177
1lF P03.05 3417.996 3.97E.02 0.961
IIF P03-06 3373.334 3.08E.03 0.997

[IF P03-07 3327.508 3.52E-01 0 713
111 P03.08 3280.570 7.i2E-02 O.q3!

"w lIF P03-09 3232.574 I.12E.0I 0.894
ttF P03-10 3183 575 1.411E-02 0.986

IfF P03-11 3133.624 1 94E-Oi 0.823
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7 km ALTITUDE

0.170 TORR 1120 (IN 320 TORR AT -18.0 DEG. C.) (Cont'd)

LASER LINE WAVFNUMB'R EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M.

lIF P03-12 3092.776 2.9SE.Oi 0.752
ilF P03-43 3031:083 2.05E-01 U.814
HF P04.03 3344.946 2.19E-03 0.998
!IF P04-04 3304.335 8.36E-07 0.99?
HF P04-05 3262.474 7.83E.02 0.925
HF P04-06 3219.420 9.49E 00 0.000

HF P04-07 3175.228 2.37E-02 0.977
HF P04-08 3129.951 9.99E-03 0.990
HP P04-09 3083.640 1.79E-02 0.982
HF P04-10 3036.351 2.19E.02 0.978

HF P04-11 2988.124 3.04E-02 0.970
HP P04-12 2939.006 4.72E.03 0.995
lIF P04-13 2889.039 1.56E-03 0.998
HF P05-03 3189.783 4.58E-03 0.995
ItF P05-04 3150.685 4.94E-03 0.995

HF P05-Os 3110.367 4.50E-01 0.638
HF POS-06 3068.880 1.99E.02 0.980
)IF P05 07 3026.272 5.05E-02 0.951
HtF P05.08 2982.592 1.72E-02 0.983
HF Po0-09 2937.889 5.81E-02 0.944

IHF PK5-04 299".911 3.47E.03 0.997
PIF P06-Gl 2961 081 9.93E-03 0.990

fIF P06.06 2921.320 1.79E-02 0,982
SIIF P06-07 21880.451 1.74E-03 0.998

PIF P06-08 2838.307 2.84E-03 • 0.997
IIF P06-09 2794.710 2.88E-03 0.997
ifF P06-10 2749.487 1.14E-02 0.989
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K
8 km ALTITUDE

0.238 TORR 1120 (IN 279 TORK AT -25.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMI'TTANCE
(i/cm) (1lkm) AT 100M.

[IF PC1-02 3877.860 4.27E-01 0.652
HiF POI-03 3833.810 1.07E 00 0.342
[IF PO1-04 3788.370 1.69E.01 0.844
ItF PO1.05 3741.60W 3.19E 00 0.041
IIF PO-06 3693.413 2.21E 00 0.109

HF PO1-07 3644.143 6.74E.01 0.;10
HF PO1.08 3593.706 9.91E-01 0.371
HF POI-09 3542.159 7.75E.02 0.925
HF P01-10 '3489.560 1.73E.02 0.983
HF POW.1I 3435.965 8.39E-02 0.920

HF POI-12 3381.432 2.90E-03 0.997
HF POI-13 3326.018 2.83E-01 0.754
.HF POI.14 3269.781 5.13E-03 0.995
lIF PO1I-1 3212.778 1.53E-02 0.985

HF P02-02 3708.793 3.79E 00 0.023

HF P02-03 3666.356 3.40E-01 0.712
HF P02-04 3622.577 1.57E 01 0.000
HF P02-05 3577.497 1.36E 00 0.256
HF P02-06 3531.170 2.49E-01 0.780
HF P02.07 3483.652 3.72E-02 0.963

HF P02-08 3434.995 4.49E-03 0.996
HF P02-09 3385.256 6.1 IE-02 0.941
HF P02-10 3334.490, 1.21E-01 0.886
HF P02-1i 3282.754 4.55E-02 0.956
HF P02.12 3230.101 1.96E-01 0.822

HF P02.13 3176.588 1. 14E.02 0.989
HF P03-03 3503.612 7.11E-01 0.491
HF P03.04 3461.44G 8.11E-OI . 0.445
HF P03-05 3417.996 1.76E-02 0.983
HF P03-06 3373.334 1.3SE.03 0.999

HF P03-07 3327.508 1.SIE-01 0.860
HF P03-08 3280.570 3.34E-02 0.967

I w HF P03.09 3232.574" 5.24E-02 0.949
HF P03-10 3183.575 6.77E-03 0.993
HF P03-11 3133.624 9.10E-02 0913

32



8 km ALTITUDE

0.238 TORR H20 (IN 279 TORR AT -25.0 DEG: C.) (Cont'd)

LASER LINE VWAVENUMBER EXTINCTION TRA MT.5T,11'ANCE
(1/cm) (1ikm) AT 1000 M.

HF P03-12 )082.776 1.30E-01 0.878
HF P03-13 3031.083 9.43E-02 0.910
HF P04-03 3344.946 1.02E-03 0.999
HF P04-04 1304.335 3.75E-03 0.996
HF P04-05 3262.474 3.55E-02 0.965

HF P04-06 3219.420 5.06E 00 0.006
HF P04-07 3175.228 1.30E-02 0.987
HF P04-08 3129.951 4.90E-03 0.995

SHF P04-09 3083.640 9.29E.0J 0.991
HF P04-!O 3036.351 1.0!16:02 0.990

HF P04-11 2988.124 1.6017-02 0.984
HF P04-12 2939.006 3.37E-03 0.997
HF P04-13 2889.039 1.16E-03 0.999
HF PO.03 3189.783 2.06E-03 0.998
HF P05-04 3150.685 2.53E-03 0.997

HF POS05S 3110.367 2.11E-01 0.809
HF POS-06 3068.880 1.08E-02 0.989
HF P05-07 3026.272 2.38E-02 0.976
HF P05-08 2982.592 1.01 E-02 0.990
HF P!05-0 2937.889 4.45E-02 0.056

HF P06-04 2999.911 2.341-03 0.998
HF P06-OS 2961.081 4.80E-03 0.995
HF P06-06 2921.320 1.60E-02 0.984

SHF P06-07 2880.4Si 1.308-03 0.999
HF P06-08 2838.307 1.32E-03 0.999
HF P06-09 2794.710 2.22E-03 0.998
HF P06-10 2749.487 1.05E-02 0.990
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9 km ALTITUDE

* 0.130 TORR 1120 (IN 263 TORR AT .31.0 DEG. C.)

LASER LINE WAVFNUI,.BER EXTINCTION TRANSMITTANCE
(I/cm) (1/km) AT 1000 M.

[IF POI-02 3877.860 2.23E-01 0.800.
IIF PO1-03 3833.810 5.39E-01 0.583
liF P01-04 3788.370 9.12E-02 0.913
[IF PO-O5 3741.600 1 66E 00 0.189
IHF P01-06 3693413 1.23E 00 "0.292

HF PO1.07 3644.143 4.22E-01 0.656
[IF P01-08 3593.706 5.69E-01 0.566
[IF P01-09 3542.159 4.IQE-02 0.960
"HfF POI-10 3489.560 9.41E-03 0.991
dF PO-I 1 3435.965 3.97E.02 0.961

HF PO-12 3381.432 1.38E-03 0.999
HF POI-13 3326.018 1.42E-01 0.868
HF POI-14 3269.781 2.46E-03 0.998
HF P01-15 3212.778 7.81E-03 0.992
HF P02-02 1708.783 2.19E 00 0.112

HF P02.03 3666.356 1.74E-01 0.841
HF P02-04 3622.577 1.25E Of 0.000
HF P02-05 3577.497 9.43E-01 0.389
HF P02-06 3531.170 1.21E-0I 0.886
HF P02-07 3483.652 1.83E.02 0.982

HF P02-08 3434.995 2.20E-03 •0.998
IF P02-09 3385.256 2.98E-02 0.971

HF P02-10 33,4.490 5.38E-02 0.948
2 . HF P02-11 3282.754 2.22E-4)2 0.978

HF P02-12 3230.101 L.OOE-C; 0.905

HF P02-13 3176.588 5.81E-03 0.994
tHF P03-03 .703.612 3.51E-01 0.704,
HtF P03-04 3461.440 4.05E.01 0.667
HF P03-05 3417.996 8.43E-03 0.992
HF P03-06 3373.334 6.74E-04 0.999

iiF P03-07 3327.508 6.96E-02 0.933
HF P03-08 3280.570 1.68E-02 .0.983
HIF P03-09 3232.574 2.63E-02 0.974
HF P03-10 3183.575 3.49E-03 0.997
HF P03-11 3133.624 4.57E.02 0.955
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9 km ALTITUDE

'0.130 rORR 1120 (IN 243 TORR AT -31.0 DEG. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
0(/cm) (1/km) AT 1000 M.

[tl- P03-12 3082.776 6.35E-02 0.938
1IIF P03.13 3031.083 4.65E.02 0.955

i HF P04-03 3344.946 5.47E.04 0.999
Il lF P04.04 3304.335 1.81E.03 0.998
[IF P04.05 3262.474 1.73E-02 0.983

1fF P04.06 3219.420 2.86E 00 0.058
ltF P04-07 3175.228 7.74E-03 0.992
[IF P04.08 3129.95! 2.60E-03 0.997

$ IF P04-09 3083.640 5.33E-03 0.995
IF P04-10 3036.351 5.04E-03 0.Q95

HF P04-1! 2988.124 9.55E-03 0.990
[IF P04-12 2939.006 2.47E-03 0.998
HF P04-13 2889.039 8.97E-04 0.999
HF P05-03 3189.783 1.OOE-03 0.999
HF P05-C4 3150.685 1.44E-03 0.999

[IF P05-05 3110.367 1.06E-01 0.899
HF P05-06 3068.880 6.39E-03 0.994
HF P05-07 3026.272 i.21 E-02 0.988
HF P05-08 2982.592 6.76E-03 0.993
HF P05-09 2937.889 3.41E-02 0.966

HF P06-04 2999.911 I.68E-03 0.998
HF P06-05 2961.081 2.63E-03 0.997
tsF P06-06 2921.320 1.451-02 0.986
[lF P06-07 2880.451 1.OOE-03 0.999

HF P06-08 2838.307 6.58E-04 0.999
HF P06-09 2794.710 1.72E-03 0.998
HF P06-1, 2749.487 9.69E-03 0.990

II

K
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10 km ALTITUD"E

0.060 TORR H20 (IN 211 TORR AT -3.0 DEG, C.)

LASER LINES WAVENUMBER EXTINCTION 'TRANSMITTANCE
(I/cm) (1/km) AT 1000 ki.

HF P01-02 3877.860 9.50E.02 0.906
HF P01-03 3833.810 2.33E-01 0.792
HF POI-04 3788.370 4.20E-02 0.9059
HF P10:!)5 3741.600 7.36E-01 0.456
HF POI-06 3693.413 6.27E-01 0.8514

HF POI-07 3644.143 2.55E-01 0.775H F Po 1-08 3593.7e-b 3.22E-01 0.725

HF P01-09 3542.159 2.02E-02 0.980
HF POI-10 3269.560 4.96E-03 0.995
HF POI-I 3435.965 1.51E-02 0.985

HF PO2-12 3381.432 5.70E-04 0.999
HlF POI-13 3326.018 5.83E-02 0.943
HF POI-14 3269.781 1.00E-03 0.999
HF POi-15 3212.778 3.43E-03 0.517
HF P02-02 3708.783 1.22E 00 0.295

iHF P02-03 3666.356 7.85E-02 0.924
HF P02-04 3622.577 9.85E 00 0.000
HF P02-09 3577.497 6.64E.01 0.515
HF P02-06 3531.170 5.27E-02 0.949
HF P02-07 3483.652 9.03E-03 0.992

HF P02-08 3434.995 9.81E-04 0.999
HF P02-09 3375.256 1.24E-02 0.998
HF P023-0 3334.490 1.98E-02 0.980

VHF P02-11 3242.754 9.21E-03 0.991
HF P02-12 .3230.101 4.39E-02. 0.957

HF P02-13 3176.588 2.55E-03 0.997
HF P03-03 3203.612 7.49E-01 0.9'92
HF P03-04 3461.440 1.73E-01 0.841
HF P03-05 3417.996 3.42E.03 0.997H-F P03-06 3373.334 2.97E-0,4 1.000

t•F P03-07 3327.508 2.69E-02 0.974
Er' P03-08 3280.570 7.2 1 E-03 0.993
flF P03-09 3232.574 1. 12E-02 0 989

S-F P03-10 3183.575 1.57E.03 .0.99&
HF P03-11 3133.624 1.96E-02 0981
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10 km ALTITUDE

0.060 TORR 420 (IN 21i TORR AT -38.0 DEG. C.) (Cont'd)

LASER LINE W "fVrNUMBER EX rlNCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M.

HF P03.12 3082.776 2.65E-02 0.974
tIF P03-13 3031.083 1.96E.02 0.981
"HF P04-03 3344.946 2.88E-04 1.000
HF P04-04 3304.335 7.47E-04 0.999
HF P04-05 3262.474 6.94E-03 0.993

HF P04.06 3219.420 1.36E 00 0.257
HF P04-07 3175.228 4.32E-03 0.996
HF P04-08 3129.951 1.24E.03 0.999
HF P04-09 3083.640 2.97E-03 0.997
HF P04-10 3036.351 2.22E-03 0.998

HF P04-11 2988.124 5.76E-03 0.994
HF P04-12 2939.006 1.81E-03 0.998
HF P04-13 2889.039 6.76E-04 0.999
HF P05-03 3139.783 4.16E-04 1.000
HF P05-04 3150.685 7.99E-04 0.999

HF P05-05 3110.367 4.45E-02 0.956
HF P05.06 3068180 3.63E-03 0.996
HF P05-07 3026,272 5.39E-013 0.995
HF P05-08 2912.592 4.55E-03 0.995
HF P05.09 2937.889 2.58E-02 0.975

HF P06-04 2999.911 1.23E-03 0.999
HF P06-05 2961.081 1.42E-03 0.999
HF P06.06 2921.320 1.30E-02 0.987
HF P06.07 2880.451 7.73E.04 0.999
HF P06-08 2838.307 2.88E.04 1.000
HF P06-09 2794.710 1.33E-03 0.999
HF P06-10 2749.487 8.80E-03 0.991

I.i-
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31 km ALTITUDE

0.031 TORR H20 (IN 182 TORR AT -44.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M.

HF P01-02 3877.860 4.72E-02 0.954
HF P01-03 3833.810 1.08E.01 0.898
HF P01-04 3788.370 2.06Z.02 0.980
HF P01.05 3741.600 4.09E-01 0.664
HF P01.06 3693.413 3.50E-01 0.705

HF P01.07 3644.143 1.63E-01 0.850
HF P01.08 3593.706 2.03E.01 0.816
HF P01-09 3542.159 1. 11E-02 .0.989
HF P01-10 3489.560 2.98E-03 0.997
HF P01-I I 3435.965 6.36E-93 0.994

HF P01-12 3381.432 2.61E-04 1.000
HF P01-13 3326.018 2.58E-02 0.975
HF P01-14 3269.781 4.40E-04 1.000
HF P01-15 3212.778 1.61E-03 0.998
HF P02-02 3708.733 7.53E.01 0.471

HF P02-03 3666.356 3.89E-02 0.962

HF P02-04 3622.577 7.70E 00 0.000
HF P02-05 3577.497 S.00E-01 0.607
HF P02.06 3531.170 2.67E-02 0.974
"HF 0.02-07 3483.652 3.93E-03 0.996

HF P02-08 3434.995 5.19E.04 0.999
HF P02-09 3385.256 5.56E-03 0.994
HF P02-10 3334.490 7.96E.03 0.992
HF P02011 3282.754 4.12E-03 0.996
HF P02-12 3230.101 2.06E-02 0.920

HF P02-13 3176.588 1.20E-03 0.999
HF P03-03 3503.612 6.80E-02 0.934
HF P03-04 3461.440 7.93E-02 0.924
HF P03-05 3417.996 1.50E-03 0.998
HF P03-06 3373.334 1.48E-04 1.000

HF P03-07 3327.508 1.13E-02 0.989
HF P03-09 3280.570 3.32E-03 0.997
HF P03-09 3232.574 5.ISE-03 0.995
HF P03-10 3183.575 7.61E-04 0.999
HF P03-11 3133.,,24 9.08E-03 0.991

3

38



I I km ALTITUDE
0.031 TORR H20 (IN 182 TORR AT -44.0 DEG. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M.

HF P03-12 3082.776 1.20E-02 0.988
HF P03-13 3031.083 8.97E-03 0.991
HF P04-03 3344.946 1.77E-04 1.000
HIF P04-04 3304.335 3.35E-04 1.000
HF P04-05 3262.474 3.00E-03 0.997

HF P04-06 3219.420 6.86E-01 0.504
HF P04.07 3175.228 2.59E-03 0.997
HF P04-08 3129.951 6.50E.04 0.999
HF P04-09 3083.640 1.85E-03 0.998
HF P04-10 3036.351 1.09E-03 0.999

HF P04-11 2988.124 3.86E-03 0.996
HF P04-12 2939.006 1.34E-03 0.999
HF • P04-13 2889.039 5.14E.04 0.999
HF P05-03 3189.783 1.87E-04 1.000
HF P05-04 3150.685 4.96E-04 1.000

HF P05-05 3110.367 2.01E-02 0.980
HF P05-06 3068.880 2.28E-03 0.998
HF P05-07 3026.272 2.64E-03 0.997
HF P05-08 2982.592 3.26E-03 0.997
HF P05-09 2937.889 1.94E-02 0.981

HF P06-04 2999.911 9.17E.04 0.999
HF P06-05 2961.081 8.78E-04 0.999
4IF P06-06 2921.320 1.16E-02 0.988
HF P06-07 2880.451 5.95E-.04 0.999
HF P06-08 2838.307 1.39E-04 1.000
HF P06-09 2794.710 1.02E-03 0:999
HF P06-10 2749.487 7.90E.03 -0.992
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12 km ALTITUTE

0.013 TORR H20 (IN 157 TORR AT -51.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M.

HF POI-02 3877.860 1.91E-02 0.981
HF PO1-03 3833.810 4.33E.-02 0.958
HF P01-04 3788.370 8.77E-03 0.991

i HF POI-05 3741.600 2.04E-01 0.81S
HF POI-06 3693.413 1.91E-01 0.826

HF POI-07 3644.143 I.OIE-01 0.904
HF PO0-08 3593.706 1.30E-01 0.878
HF P01-09 3542.159 6.12E-03 0.994
HF PO1-1o 3489.S60 1.84E-03 0.998

HF POI-11 3435.965 2.16E-03 0.998

HF Pol-12 3381.432 1.11E-04 1.000
HF P01-13 3326.018 9.56E-03 0.990
HF P01-14 3269.781 1.66E-04 1.000
HF POi-IS 3212.778 6.57E-04 0.999
HF P02-02 3708.783 4.73E-01 0.623

HF P02-03 3666.356 1.79E-02 0.9$2
HF P02-04 3622.577 5.98E 00 0.003
HF P02-OS 3577.497 3.84E-01 0.681
HF P02-06 3531.170 1.36E-02 0.986
HF P02-07 3483.652 !.1SE-03 0.998

HF P02-08 3434.995 2.94E-04 1.000
tlF P02-09 3385.256 2.16E-03 0.993
HF P02-10 3334.490 2.67E-03 0.997
HF P02-11 3282.754 1.SSE-03 0.993
HF P02-12 3230.101 8.34E-03 0.992

HF P02-13 3176.588 4.92E-04 1.000
HF P03-03 3503.612 2.72E-02 0.973
HF P03-04 3461.440 3.12E-02 0.969
HF P03-05 3417.996 5.68E-04 0.999
HF P03-06 3373.334 7.33E-O5 1.000

HF P03-07 3327.508 4.OOE-03 0.996
HF P03-0 3280.570 1.32E-03 0.999
HF P03-09 3232.574 2.03E.03 0.998
HF P03-10 3183.575 3.32E-04 1.000.
IfF P03-11 3133.624 3.64E-03 0.996
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"i2 km ALTITUTE'

0,013 TORR H20 (IN 157 TORR AT -51.0 DEG. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(I/cm) (1/km) AT 1000 M.

HF P03- 12 3082.776 4.72E-03 0.995
HF P03-13 3031.083 3.60E-03 0.996
HF P04-03 3344.946 1.13E-04 1.000
HF P04-04 3304.335 1.30E-04 1.000
HF, P04-05 3262.474 1.09E-03 0.999

HF P04-06 3219.420 2.94E-01 0.745
HF P04W.7 3175.228 1.48E-03 0.999
HF P,4-08 3129.9SI 3.23E-04 1.000
HF P04-09 3083.640 .I. 1-03 0.999
HF P04-10 3036.351 S.16E-04" 0.999

HF . P04-11 2988.124 2.68E-03 0.997
HF P04-12 2939.006 9.90E-04 0.999
HF P04-13 2889.039 3.81E-04 1.000
HF P05-03 3189.783 7.33E-05 1.000
.IPF PLS-04 3150.685 3.1SE.04 1.000

HF P05-05 3110.367 7.69E-03 0.992
HF POS-06 3068.880 1.45E-03 0.999
HF P05-07 30261272 1.21 E-03 0.999
HF P05-08 2982.592 2.34E-03 0.998
HF P05-09 2937.889 1.44E-02 0.986

HF. P06-04 2999.911 6.91E-04 0.999
HF P06-OS 2961.081 S.63E-04 0.999
HF P06-06 2921.320 1.02E-02 0.990
HIF P06-07 2880.431 4.52E-04 1.000
HF P06-O0 2838.307 6.22E-05 1.000
HF P06-09 2794.710 7.71E-04 0.999
HF P06-10 2749.487 6.95E-03 0.993
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"13 km ALTITUDE

-' 0.006 TORR H20 (IN 134 TORR AT .57.0 DEG. C.) (Ccnt'd)

LASER LINE WAVENUMBER. EXTINCTION TRANSMITTANCE
(1/cm) (1lkm) AT I000 M.

HF P01-02 3877.860 8.:4E-03 0.992
HF P0103 3833.810 1.85E.0Z 0.982
HF P01-04 3788.370 3.89E.03 0.9%
HF P01405 3741.600 1.13E-01 0.893
HF POI-06 3693.413 1.14E-01 0.892

HF P01.07 3644.143 6.45E-02 0.938
HF P01.08 3593.706 3 90E-02 0.915
HF PO0-09 3542.159 3.72E.03 0.996
HF POI-10 3489.560 1.24E.03 0.999
HF P01-4i 3435.965 9.04E-04 0.999

HF PO-12 3381.432 5.36E-05 1.000
HF POI.13 3326.018 3.70E.03 11996
HF POI-14 3269.781 6.65E-05 I.000
HF P01-15 3212.778 2.82E-04 i.000
HF. P02402 3703.783 3.20E.01 0.726

HF P02-03 3666.356 9.14E.03 0.991
HF P02.04 3622.577 4.57E 00 0.010
HF P02.05 3577.497 3.OSE-01 0.',7

- HF P02-06 3531.170 8.24E.03 ( 12
HF P02-07 3483.652 9.95E-04 0 9-,9

HF P02-08 3434.995 2.08E-04 1.000
HF P02409 3385.256 8.94E-04 0.999
HF P02-10 3334.490 9.59E-04 0.999
HF P02-11 3282.754 6.42E.04 0.999
HF P02-12 3230.101 3.56E-03 0996

HIF P02-13 3176.588 2.13E-04 .t,()

HF P03.03 3503.6i2 1. 1 7E-02 O.9R8
HF P03404 3461.440 1.30E-02 15.987
HF P03.O5 3417.996 2.30E-04 1.000
HF P03406 3373.334 4.19E-05 1.000

HF P03.07 3327.508 1.54E-03 0.998
H F P03-08 3280.57') 5.55E-04 0.999

* HF P03.09 3232.574 8.46E-04 0.999
HF P03.10 3183.575 1.57E-04 1.000
HF P03.11 3133.624 1.55E103 0.998

K4
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13 km ALTITUDE

7 0.006 T"ORR 1120 (IN 134 TORR AT .57.0 DEG,. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(I /cm) (1/km) AT 1000 M.

HlF P03-1 2 3082.776 2.02E-03 0.998
HF P03:13. 3031-093 1.57E-03 0.998

H F, P04-0)3 3344.946 7.94E-05 1.9000
HF P04'-04 3304.335 5.50E.05 1.000
ElF P04-05 3262.474 4.18E.04 1.000

HF P04-06 i219.420 1.3411-01 0.875
HF P04-07 3175.228 8.85E-04 0.999
Hal P04-03 3129.951 1.76E.04 1.000
HF. P04-09 3093.640 9.0 1E-04 0999
HF P04-10 3036.351 2.8OE-04 1.000

HF P04-11 2988A! 24 1 .9411-03 0.998
HIF P04-12 2939.006 7.35E..04 0."99
HF P04- 13 2889.039 2.81E-04 1.000
H F POS.03 3199.783 3.11IE-05 1.000
HF POS-04 3150.685 2.14E-04 1.000

HF P05.05 3110.367 3.1411-03 0.99
HF P05-06 3068.880 9.91 E-04 0.999
HF POS-07 3026.272 6.3!E-04 0.99"
HF P05-08 2982.592 IM7E.03 0."?P
HF P05-09 2937.889 I .05E.02 0.990

HF P06-04 2999.911 5.21 E-04 0."99
HF P06-05 2%61.091 3.87E-04 1.000

LlHF P06-06 292 1.320 8.83E.0j 0.991
HF P06-07 2880.451 3.40E.04 1.000
HIF P00608 .2838.307 3.13E-05 1.000

HF "06-09 2794.710 5.81 E-04 0."99
H F P06-10 2749.487 6.OOE.03 0.994
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14 km ALTITUDE

1. 0.006 TORR H20 (IN 115 TORR AT .57.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (l/km) AT 100%) M.

HF P01-02 jZ77.860 7.43E.03 0.993
HF POI-03 3833.810 I.81E.02 0.98A
HF POI.04 3738.370 3.51E-03 0.996
IIF PO-OS 3741.600 8.73E-02 0.916
HF POI-06 3693.413 9.78E-02 0.916

HF PO-07 3644.143 4.84E-02 0.953
H: POI-08 3593.706 6.60E-02 0.936
!F POI.09 3542.359 2.82E-03 0.997
HF POI-1O 3485.560 9.39E-04 0.999
HF PO.l11 3435.965 7.94E-04 0.999

HF POI-12 3321.432 4.29E-05 1.000
HF POI-13 3326.018 3.46E-03 0.997
HF P01-14 3Z69.781 5.68E-05 1.000
HF POl-I5 3212.778 2.41E.04 1.000
HF P02-02 "3708.783 2.40E-01 0.787

HF P02-03 3666.356 7.35E-03 0.993
HF P02-04 3622.577 3.38E 00 1.'f $
HF P02-05 3577.497 2.54E-01
HF P02-06 3531.170 6.95E,03 .

HF P02-07 3483.652 7.91E-Q4

HF P02-01 3434.995 1.88E-04 1.000
HF P02-G9 3385.256 7.60E-04' 0.999

o HF P02-10 3334.490 8.20E-04 0.999
"HF P02-11 3281.754 5.50E-04 0.999
HF P02-r2 3230.101 3.06E-03 0.997

HF P02-13 3176.588 1.81E-04 1.000
HF P03-03 3503.612 9.85E-03 0.990
HF P03-04 3461.440 1. 11 E-02 0.939

6 HF P03-05 3417.996 1.95E-04 1.000
HF P03-06 3373.334 3.23E-05 1.000

HF P03-07 3327.503 1.31E-03 0.999

HF" P03-08 3280.570 4.75E-04 1.000
HF n03-09 3232.574 7.30E.04 0.999
HF P03-10 3183.575 1.29E-04 1.000

HF P03-11 3133.624 1.32E-03 0.999
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14 km ALTITUDE

0.006 TORR H20 (IN 1 5 TORR AT .57.0 DEG. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(I/cm) (1/km) AT 1000 M.

HF P03-12 3082.776 1.70E-03 .0.998
HF P03-13 3031.013 1.32E-03 0.999
HF P04-03 3344.946 S.99E-05 1.000
HF P64,04 3304.335 4.70E-05 1.000
HF P04-05 3262.474 3.69E-04 1.000

HF P04-06 3219.420 1.22E-01 0.885
HF P04.07 3175.228 6.34E-04 0.999

.HF P04-0 3129951 1.38E-04 1.000
HF P04.09 3083.640 5.98E-04 0.999
HF P04-10 3036.351 2.22E-04 1.000

HP P04-11 2988.124 1.44E-03 0.999
HF P04-12 2939.006 5.61E-04 0.999
"PF P04-13 2889.039 2.21E-04 1.000
HF P05-03 3189.783 2.63E-05 1.000
HF P05-04 3150.685 1.61E.04 1.000

HF POS-O 3110.367 2.75E-03 . 0.997
HF PO-506 3068.880 7.45E.04 0.999
HF POS-07 3026.272 5.22E-04 0.999
iF P05-08 2982.592 1.28E-03 0.999

HF POS-09 2937.889 7.77E-03 0.992

HF P06-04 2999.911 3.83E-04 1.000
HF P06-OS 2961.081 2.87E-04 1.000
HF P06.06 2921.320 7.59E-03 0.992
HF P06-07 28C0.451 2.56E-04 1.000
HF P036-08 2838.307 ?.SIE-05 1.000
HF P06.09 2794.710 4.47E-04 1.000
HF P06-10 2749.487 S.14E-03 0.995

II4
-t
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"15 km ALT!TUDE

0.006 TORR 1120 (IN 98 TORR AT .57.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(I/cm) (1/km) AT 1000 M

HF P01-02 3877.860 6.68E-03 0.993
HF P01-03 3833.810 1.34E.02- 0.987
HF PO1-04 3783.370 3.13E-03 0.997
HF -P01-05 3741.600 6.73E-0 0.935
IIF P01-96 3693.413 6.74E-02 0.935

HF P01-07 3644.143 3.61E-02 0.965
HF P01-08 3593.706 4.85E-02 0.953
HF P01-09 3542.159 2.12E-03 0.998
HF P01-tO 3489.560 7.07E.04 0.999
HF POI-I 1 3435.965 7.70E-04 0.999

HF P01-12 3381.432 3.43E-05 1.000
HF POI-13 3326.018 3.17E-03 0.997
HF '01-14 3269.781 4.83E-05 1.000
HF POi-15 3212.778 2.04E-04 1.000
HF P02-02 3708.783 1.79E-01 0.836

HF P02-03 3666.356 5:87E-03 0.994
HF P02-04 3622.577 2.46E 00 0.086
HF P02-O5 3577.497 2.07E-01 0.813
HF P02-06 3531.170 5.75E-03. 0.994
HF P02-07 3483.652 6.26E-04 0.999

HF• P02-08 3434.995 1.67E-04 1.000
HF P02.09 3385.256 6.42E-04 0.999
HF P02-10 3334.490 6.97E-04 0.999
HF P02-11 3282.754 4.68E-04 1.000
HF P02-12 3230.101 2.60E-03 0.997

HF P02-13 3176.588 i.53E-04 1.000
HIF P03-03 3503.612 8.25E-03 0.992

. HF P03.04 3461.440 9.47E-03 0.991
HF P03-05 3417.996 1.64E-04 1.000
HF P03-06 3373.334 2.49E-05 1.000

IiF. P63-07 3327.508 1.12E-03 0.999
HF P03-08 3280.570 -4.04E-04 1.000
HF P03-09 3232.574 6.26F-04 0.999
HF P03-10 3133.575 1.06E-04 1.000
HF P03-11 3133.624 1.12E-03 0.999
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15 km ALTITUDE

0.006 TORR H20 (IN 98 TORR AT .57.0 DEG. C.) (Cont'd)[ LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(I/cm) (1/km) AT'1000 M

HF P03-12 3082.776 1.42E-03 0.999
HF P03-13 3031.083 I.I IE-03 0.999
HF P04-03 3344.946 4.5 1 E-05 EONO
HF P04-04 3304.335 3.98E-05 1.000
HF P04-05 3262.474 3.21E-04 1.000

HF P04-06 3219.420 1.09E-01 0.897
HF P04-07 3175.228 5.21E-04 0.999
HF P04-08 3129.951 1.07E-04 !.0o)
HF P04-09 3083.640 4.43E-04 1.000.
HF P04-10 3036.351 1.76E-04 1.000

HF P04-1I 2988.124 1.06E.03 0.999
HF P04-12 2939.006 4.28E.04 1.000
HF P04-13 2889.039 1.71E-04 1.000
HF P05-03 3189.783 2.21E-05 1.000
HF P05-04 3150.685 1.20E-04 1.000

HF P05-05 3110.367 2.37E-03 0.998"
HF P05-06 3068.880 5.57E-04 0.999
HF" P05-07 3026.272 4.31E-04 1.000
HF P05-08 2982.592 9.38E-04 0.999
HF P05-09 2937.889 5.65E-03 0.994

HF P06-04 2999.911 2.78E-04 1.000
FiiF P06-05 2961.081 2. IOE-04 1.000
HF P06-06 2921.320 6.36E-03 0.994

U HF P06-07 2880.451 1.89E-04 1.000
HF P06-08 2838.307 2.OOE-05 1.000
HF P06-09 2794.710 3.40E-04 1.000
HF P06-10 2749.487 4.29 -03 0,996
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Appendix D

1 DF ABSORPTION TABLES

0 km ALT!ITUDC.

"9.325 TORR H20 (IN 760 TORR AT 21.0 DEG. C.)

LASER LiNE WAVENUMBER EXTINCTION TRANSMITTANCE
(Ilcrm) (1/km) AT 1000 M

DF POI-01 2884.943 1.06E-01 0.900
DF POI.02 28o2.647 2.66E-02 0.9, .
DF POI.03 2839.786 3.77E-02 0.963
DF POI-04 2816.376 3.44E.02 0.966
DF P01-05 2792.432 5.59E-02 0.947

DF POI-06 2767.967 5.S"'E-02 0946
DF PCI-O' 2742.998, 2.45E-02 0.976

u DF POI-0- 2717.!40 8.49E-02 0.919
DF POI-09 2691.608 3.32E-02 0.967
DF POI-10 266. 217 3.15E-02 0.969

DF POW-I 1 263t.384 2.262-01 0.798
DF POI-12 2611 124 1.O0E-02 0.32
DF POI-13 2583.453 4.87E-02 0.952
DF POI-14 2S55.3U8 3.46E-02 0.966
OF POI-15 2526.943 2.88E-02 0.972

DF POI-16 2448.135 4.14E-02 0.959
DF POI-17 2468.980 6.16E-02 0.940
DF P02-02 2772.440 2.06E-01 0.814
DF P02-03 2750.084 3.33E-02 0.967
DF P02-04 2727.304 3.50E-02 0.966

DF Y02-05 Z703.997 1.98E-02 0.980
DF P02-06 2680. 7 4.29E-02 0.958
DF P02-07 2655.862 6.36E-02 0.938
DF P02-0 2631.065 1.79E-02 0.98?
DF P02-09 2605.804 3.55E-02 0.965

DF P02-10 2580.093 6.57E-02 0.936
DF P02-11 2553.948 3.06E-02 0.970

U DF P02-12 2527.385 2.74E-02 0.973
DF P02-13 2500.418 3.90E-02 0.962
DF P02-14 2473.065 5.85E.02 0.943

"DF P02.15 2445.339 S.17E-02 0.922
DF P02-16 2417.258 9.47E.02 0.910

u DF P03-02 2683.950 !.91 E,02 0.981
DF P03-03 2662.249 2.81E-02 0.972

•DF M03.04 2640,-075 3.78E-02 0.963

48
-1 '



0 km ALTITUDE

9.325 TORR H20 (IN 760 TORR AT 21.0 DEG. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINIZTlON TRANSMITTANCE
(I/cm) (1/km) AT 1010 M

DF P03.05 2617.384 1.62E-02 0.984
DF P03-06 2594.193 2.49E-02 0.975
DF P03-07 2570.516 5.68E-02 0.945

1'7 DF P03-08 2546.367 4.94E-02 0.952
DF P03-09 2521.763 2.82E-02 0.972

DF P03-10 2496.718 4.27E-02 0.958
DF P03-11 2471.247 7.91E-02 0.924
DF P03-12 2445.365 8.32E-02 0.920
DF P03413 2419.086 9.36E-02 0 911
DF P03-14 2392.427 I.71E-0O 0.843

DF P04-07 2597.220 2.79E-02 0.972
DF P04-03 2576.160 2.98E-42 0.971
DF P04.04 2554.548 4.13E-02 0.960
DF P04-05 2532.465 2.69E-02 0.973
DF P04-06 2509.887 3.35E-02 0.967

DF P04-07 2486.837 4.73E-02 0.954
DF P04-08 2463.334 7.15E-02 0.931
DF iqK-09 2439.390 8.56E-02 • 0.918
DF P04-10 2414.990 9.59E-02 0.909
DF P04-11 2390.170 4.27E-01 0.653

DF P04-12 2364.950 4.65E 02 0.000
DF P04-13. 2339.340 9.57E 03 0.000
DF P04-14 2313.350 4.98E 02 0.000
DF P05-03 2491.620 4.80E-02 0.953
DF P05-04 2470.630 5.93E-02 0.942

DF P05-05 2449.140 8.49E-02 0.919
OF P05-06 24z7.170 8.72E-02 0.915
OF P05-07 2404.730 1.06E-01 0.900
DF POS-09 238 1.S30 4.04E 01 0.000
DF P05.09 2358.490 1.26E 03 0.000

DF POS, 10 2334.730 2.54E 02" 0:000
OF P05-1I 231C.550 2.36E G2 0.000

SDF K05.12 2285.970 9.. XE 00 0.000
DF . P05-13 2261,90V 7.16E 00 0.001
OF P05-14 2235.6?0 !.3OE 00 0.272
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0 km ALTITUDE

9.325 TORR 1420 (IN 760 TORR AT 2!.0 DEC. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(I/cm) (1/km) AT I000MSDF 1106-05 2367.210 2.87E 02 0.000

DF P06-06 2345.830 1.02E 03 0.000
DF P06-07 2323.990 1.18E 02 0.000
DF P06-08 2301.690 1.20E 02 0.000
DF P06-09 2278.960 1.1gE 01 0.000

DF P06-10 2255.810 7.48E 00 0.001
DF P06-i1 2232.250 5.89E-01 0.555
DF P06-12 2208.290 3.49E-01 0.705
DF P06-13 2183 960 1.25E-01 0.882
DF , 6-14 2159.260 3.57E.02 0.965

DF P07-05 2286.540 4.53E 00 0.011
DF P07-06 2265.740 2.35E 00 0.095
DF P07-07 2244.470 1.57E 00 0.108
DF P07-08 . 2222.760 4.42E-01 0.643
DF P07.09 2200.630 7.54E-01 0.471

DF P07-10 2178.070 1.49E-01 0.862
DF P07-11 2.55.110 1.06E-0i 0.900
DF P07-12 2131.770 1.13E-01 0.893
DF P0-04 2226.720 4.16E-Oi 0.660
DF P08-05 2206.950 4.94E-01 0.610

DF P08-06 2186.700 5.29E-01 0.589
DF P08-07 2166.010 6.48E-02 0.937
DF POS-08 2144.870 6.27E-01 0.534
DF P08-09 2123.310 I.14E.0I 0.892
DF P08410 2101.340 5.70E-02 0.945

DF P•8- 11 2078.970 5.23E-01 0.593
DF P08-12 2¢)56.210 6.)5E-02 0.941

* DF P09-04 2147.460 2.66E 00 0.070
DF P09.05 2128.230 2.65E-02 0.974
DF P09-06 2108.540 3.99E-02 0.961

DF P09-07 2088.400 2.80E-01 0.756
DF P09.08 206*1.830 3.92F.-01 0.676
DF P09.',9 2046.830 1.22E 06 0.296
DF 1`09-10 2025.420 2.69E.01 0.764
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I km ALTITUDE

7.265 TORR H20 (IN 677 TORR AT 17.0 DEG. C.)

LASER LINE WAVENUMtdER EXTINCTION TRANSMITTANCE
(I/cm) (1/km) AT 1000 M

DF PO-o0 2884.943 8,97E-02 0.914
DF POI-O- 2862.647 2.01E-02 0.980

• - "DF PO1-03 2839.786 3.19E-02 0.969
DF POI-04 2816.376 2.62E.02 0.974
DF Po1-Q5 2792.432 4.iOE-02 0.460

DF P0I-06 2767.967 4.11 E-02 0.96(.
DF POI-07 2742.998 I 84E-02 0.982
DF P01-08 27!7.540 6.17E.02 0.940
DF P01-09 2691.609 2.64E-02 0.974
DF POI-10 2665.217 2.37E-02 0.977

DF POI-I 1 2638.384 1.66E-01 0.84?
DF POI-12 2611.i24 1 33E-02 0.987
LDF POI-13 2583.453 4.07E-02 0.960
DF POI-14 2555.388 2.73E-02 0.973
DF POI-I5 2526.943 2.23E-02 0.978

DF POI-16 2498.135 3.23E-02 0.968
DF PO!-I7 2468.930 4.85E-02 0.953
DF P02-02 2772.440 1.56E-01 0.056
DF . P02-03 2750.1.84 7.48E-02 0.976
DF P02-04 2727.3G4 2.60E-02 0.974

DF P02-05 2-103.997 1.46E-02 0.986
DF .002-06 2680.177 3.13E-02 0.969
DF P02-07 2655.862 4.63E-02 0.955
DF P02-08 26P '.065 1.34E-02 0.987
DF P02-09 2605.804 2.58E-02 0.975

DF P02-10 2580.093 5.'79E-02 0.944
DF P02-11 2553.948 2.40E-02 0.976
DF P02-12 c.;2 7.385 2.13E102 0.979
DF P02-13 2500.418 3 OSE-02 0.$70
DF P02-14 24173.065 4.62E-02 0.955

ODF P02-15 2445.339 6.47E-02 0.937
DF. P02-i6 2417.258 ".51E-02 0.928
DF P.3-)2 2683.950 1.45E-G2 0.986
DF P03-03 2662.249 2.05E-02 0.980
DF P03-04 2640.075 2.9i[:-02 0.9, !

DF P03-05 2617.384 1.21E.02 0.983
DF POJ-06 2594.193 1.84E-02 0.982DF P03-07 2570.516 4.8oE.02 0.953
DF P03-08 2546.367 4 04E.02 0960
DF P03-09 2521.1763 2.18E-02 0.978
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I km ALTITUDE

7.265 TORR H120 (IN 677 TORR AT 17.0 DEG. C.) (Cont'd)

LASER LINE WAVENUMBER. EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M

DF P03-10 2496.718 3.32t-02 0.967
DF P03-11 2471.247 6.13E.02 0.941
DF P03.12 2445.365 6.60E-02 0.936
DF P03-13 2419.086 7.43E-02 0.928
DF P03-14 2392.427 1.31E-01 0.877

DF P04-02 2597.220 2.12E-02 0.979
DF P04(-J 2576.160 2.28E-02 0.977
DF P04-04 2554.548 3.39E-02 0.967
DF P04-05 2532.465 2.08E-02 0.979
DF P04-06 2509.887 2.61 E-02 0.974

DF P04-07 2486.837 3.72E-02 0.963
DF P04-08 2463.334 5:63E-02 0.945

* DF P04.09 2439.390 6.79E-02 0.934
DF P6410 2414.99 7.60E-02 0.927
DF P04-11 2390.170 3.1SE.OI 0.730

DF P04-12 2364.950 3.79E 02 0.000
DF P04-13 2339.340 9.21E 03 0.000

7 DF P04.14 2313.350 4.09E 02 0.000
DF P05-03 2491.620 3.86E-02 0.962
DF . PO5-04 2470.630 4.68E-02- 0.954

DF P05-05 2449.140 6.7RE-02 0.934
DF P05.06 2427.170 7.08E-02 0.932
DF P05-07 2404.730 8.40E-02 0.919

SOF P05-OS 2381.830 3.09E 01 0.000
DF P050-9 2358.490 1.03E 03 0.000

DF P05-10 2334.730 2.05E 02 0.600
DF P05.-1 2310.550 2.03E 02 0.000
DF P05-12 2285.970 7.83E 00 0.000
DF P05-13 2261.000 5.75E 00 0.003
DF P05-14 2235.670 1.02E 00 0.360

DF P06-05 2367.210 2.29E 02 0.000

DF P06-06 2345.P,30 8.53E 02 0.000
DF P06-07 2323.990 9.37E'01 0.000DF P06-08 2301.690 1.08E 02 0.000

DF P06-09 2278.960 9.83E 00 0.000
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I km ALTITUDE

7.26S TORR H20 (IN 677 TORR AT 17.0 DEG. C.) (Cont'd)

LASER - LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1cmt) (1/km) AT 1000 Mt

DF P06-10 225S.810 6.02E 00 0.002
DF P06-11 2232.2 50 4.76E.01 0.622
DF P06-12 2208.290 2.79E-01 0.757
D F P06-13 2183.960 9.97E-02 0.905
OF P06-14 2159.260 2.68E-02 0.974

OF P07.05 2286.540 3.48E 00 0.031
OF P07-06 226S.740. 1.89E 00 0.151
OF P07-07 2244.470 .1.34E 00 0.262
OF P67-08 2222.760 3.96,E-01 0.673
DF P07.09 2200.630 6.23E.01 0.536

DF P07-10 2178.070 1.23E.01 0.884
OF P07-11 21SS.110 7.49E.02 0.928
DF -P07-12 2131.770 8.45E-02 0.919
DF P08.04 2226,720 3.28P.-0I 0.720
OF P03.05 2206.950 3.91 E.01 0.676

DF P0*i.06 2186.700 3.94E-01 0.67S
DF POS-07 2166.010 4.79E-02 0.9S3
DF P08-OS 2144.870 4.59E-01 0.632
DF P08-09 2123.310 8.0711-02 0.922
DF P08-10 ý101.340 4.03E-02 0.961

OF P083.11 2078.970 3.57E-01 0.700
OF P08-17, 2056.210 4.32E.02 0.958
OF P09-04 2147.460 I.9E 00 0.136
OF P09-05 2128.230 1-91E-02 .0.981

OF P09-06 2108.540 2.80E.02 0.972

DF P09-07 2088.400 1.86E-0P 0.830

OF P09-08 2067.830 2.82E-01 0.7S4
DF P09.09 :n)46.830 8.40E-01 0.412
OF P09-10 2025.420 1.8211-01 0.833
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2 km ALTITUDE

,- 5.260 TORR H20 (IN 602 TORR AT 12.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(I/cm) (l/km) AT 1000 M.

DF P01.06 1.884.943 7.42E-02 0.929
DF P01-02 2862.647 I.45E-02 0.986
DF P01-03 2839.786 2.56E-02 0.97b
DF POI-04 2816 376 1.88E.02 0.981
OF h.01.S 2792.432 2.92E-02 0.971

OF POI-06 2767.967 2.88E.02 0.972
DF POI.07 2742.998 1.31 E-02 0.987
DF P01-08 2717.540 4.19E-01 0.959
DF POi'-09 269'.608 2.06E-02 0.980"OF POI-10 2665.217 1"70E.2 0.983

OF POI-11 2638.384 1.14E.01 0.892
DF POI-12 2611.124 9.37E-03 0.991
O DF POI-13 2583.453. 3.35E-02 0.967
OF POI-14 2555.388 z. IIE-02 0.979
DF. POI-I 2526.943 !.70E-02 0.983

OF POI-16 2498.135 2.47E-02 0.976
DF POl-il 2468.980 3.78E-02 0.963
OF P02.02 "2772.440 I. IOE-01 0.896
OF P02-03 2750.084 1.74E-07 0.983
OF P02-04 2727.304 1.83E-02 0.982

OF P02-0S 2703.997 1.01E-02 0.990
OF P02-06 2680.177 2.16E-02 0.979

O OF P02.07 2655.862 3.16E-02 0.969
OF P02-08 2631,065 9.53E-03 0.991
OF P02-09 2605.C04 1.78E-02 0.982

OF P02-10 2580.093 5.07E-02 0.95 I
OF P02-I1 2553.948 1.86E-02 0.982
O OF P02-12 2527.385 1.62E-02 0.934
OF P02-13 V -̀-9.418 2.34E-02 0.977
OF P02-14 2473.065 3.6GE.02 0.965

OF P02-15 2445.339 5.09E-02 0.950
OF P02-16 24!7.258 5.92E-02 0.943
OF P03-02 2683.950 1 .05E.02 0.990
OF P03-03 2662.249 1.41 E-02 0.986
OF. P03.-04 Z640.075 2.10E-02 0.979

DF P03-05 2617.384 8.58E-03 0.991
OF P03-06 2594.193 1.31E-02 0.987
OF P03-'07 2570.516 4.14E-02 0.959
DF P03-08 2546.367 3.26E-02 0.968
DF P03-09 2521.763 1.65E-02 0.984
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2 km ALTITUDE

5.260 TORR H20 (IN 602 TORR AT 12.0 DEG. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(i/cm) (1/km) AT 1000 M.

DF P03.10 2496.718 2.53E-02 0.975
DF P03-I I 2471.247 4.64E.02 0.955
DF P03-12 2445.365 5.19E-02 0.949
DF P03-13 2419.086 5.85E-02 0.943
DF P03.14 2392.427 9.91E-02 0.906

DF P04.02 2597.220 I .55E-02 0.985
DF P04.03 2576.160 i.69E-02 0.983
DF P04.04 2554.548 2.75E-02 0.973
DF' P04-05 2532.465 1 .57E-02 0.984
DF P04-06 2509.887 2.OOE-02 0.980

DF P04-07 2486.837 2.89E-02 0.972
DF P04-08 2463.334 4.35E-02 0.957
DF P04-09 2439.390 5.34E-02 0.948
DF P04-10 2414.990 5.99E-02 0.942
DF P04-11 2390.170 2.27E-01 0.797

DF P04.12 2364.950 3.07E 02 0.000
DF P04-13 2339.340 8.81E 03 0.000
DF P04-14 2313.350 3.30E 02 0.000
DF P05-03 2491.620 3.08E-02 0.970
DF P05-04 2470.630 3.65E.02 0.964

DF P05-05 2449.140 5.35E-02 0.948
DF P05.06 2427.170 5.57E-02 0.946
DF P05-07 2404.730 6.63E 02 0.936
"DF .P05-08 2381.830 2.32E 01 0.000
DF P05-09 2358.490 8.42E 02 0.000

DF P05-10 2334.730 1.65E 02 0.000
DF P05-11 2310.550 i.70E 02 0.000
DF P05-12 2285.970 6.27E 00 0.002
DF P05-13 2261.000 4.59E 00 0.010
DF P05-14 2235.670 7.83E-01 0.457

DF !P06-05 2367.210 1.82E 02 0.000
DF P06.06 2345.830 7.13E 02 0.000
DF P06-07 2323.990 7.35E Oi 0.000
DF P06-08 2301.690 9.48E 01 0.000
DF P06.09 2278.960 8.06E 00 0.000
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2 km ALTITUDE

1r. 5.260 TORR H20 (IN 602 TORR AT 12.0 DEG. C.) (Cont'd)
LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE

(I/cm) (1/km) AT 1000 M.
DF P06-10 2255.810 4.79E 00 0.008
DF P06-11 2232.250 3.81E.01 0.683
DF P06-12 2208.290 2.21E.01 0.801
DF P06-13 2183.960 7.83E-02 0.925
DF P06-14 2159.260 1.9SE-02 0.981

DF P07.05 2286.540 2.63E 00 0.072
DF P07-06 2265.740 1.51E O0 0.220
DF P07.07 2244.470 1.13E 00 0.323
DF P07.08 2222.760 3.53E.01 0.702
DF P07-09 2200.630 5.IOE-01 0.601'

DF P07-10 2178.070 9.98E.02 0.90S
DF P07-1 I 2155.110 4.94E-02 0.S52
DF P07-12 2131.770 6.'2E-02 0.941
DF P01.04 2226.720 2.;4E.01 0.776
DF P08-0S 2206.950 3.0SE-01 '0.737

DF P08-06 2186.700 2.86E-01 0.751
DF P08-07 2166.010 3.41E-02 0.966DF P08-08 2144.870 3.03E.01 0.739

DF P08-09 2123.310 S.32E-02 0."41
DF P08-10 2101.340 2.70E-02 0.973

DF P011- I 2078.970 • 2.28E.01 0.796
DF P08-12 2056.210 2.95E-02 0.971
DF P09.04 2147.460 I.35E 00 0.260
DF P09-05 2128.230 i.34E-02 0.987
DF P09.06 2108.540 1.87E-02 0.982

DF P09.07 2088.400 . I. 13E-01 0.893
DF P09-08 2067.830 1.86E-01 0.830
DF P09-09 2046.830 5.26E-01 0.591
DF P09-10 2025.420 1.14E-01 0.892

I.
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( ) -Ak!)q * t,.

DF* *O-1 28.960E0 0.94 . ".'

DF- P.t.0W 286.64 1.01. 77

DF 3km ALTITUDE3.507 TORR 120 (IN 533 TORR AT 6.0 DEG. C.)

LASER L.INE WAVENUMBER EXTINCTION 'TRANSMITTAINCE
(I/cm) (1/km) AT!" Moot.

DF POIt0C 2884.943 6.OOE-02 0.942
OD POI-02 2862.647 1.51E-02 0.990
DF POI.03 2839.786 !.92E-02 0.988
DF PO1 -!0 2816.376 1.271-02 0.987
DF POI1-05 2792.432 1.98E-02 0.980

DF PO1306 27678.67 1.901-02 9.981
DF POI-01 2742.998 8.90E-03 0.991
DF POI 08 2717.540 2.63E-02 0.974
Dr POl-o9 2691.608 i.598E-2 0.984
DF POl.10 2665:217 .917E-02 0.988

DF P01-20 2638.384 7.151E-02 0.931
DF P0-012 2611.124 6.27E-03 0.994
DF P0.I13 2583.453 2.71 E-02 0.973
DF P02-14 2555.388 6.63E-02 0.934

DF P02-0S 2526.943 1.26E-02 0.987

DF P02-16 2498135 1.861E-02 0982
DF P02-17 2468.980 2.914E-02 0.971

DF P02-02 2772.440 7. 1 5E-02 0.931DF P02-03 2750.084 4.40E-02 0.989DF P02.04 2727.304 1.21E-02 0.988

DF P02.05 2703.997 6.63E.03 0.993
DF P02-06 2480.177 2.39E-02 0.986
DF P02-07 2655.862 2.01 E-02 0.980
DF P02-08 2631.065 6.48E-03 0.994
DO P02-09 2605.804 1. 1 5SE-02 0.989

DF P02-10 2580.093 4.40!E-02 0.957

DF P02-12 2527.385 1.20E-02 0.988

DF P02-03 250.4.19 8.13E-02 0.986
r F P02-I14 2473.065 [2.01E02 0.973

DF P02-IS 2445.339 39E0 .6
DF P02-16 2417 258 4.61 E-02 0.955
DF P03-02 2683.950 7.3E-03 0.993
DF P03-03 2662.249 9.116E-03 0.991
OF P03.04 2640.075 1.41 E-02 0.986

OF- P03-05 26 17.384 5.8 1 E-03 0.994
DF- P03.06 2594.193 8.83E-0' 01991
OF P03-07 2570.5 16 3.50E-02 0 966&
DFl P03:08 2546.367 2.60E3.02 0.974
DF P03-09 2521.763 i.22E-02 0.988
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3 km ALTITUDE

3.507 TORR H20 (IN 533 TORR AT 6.0 DEG. C.) (Con'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(I/cm) (1/km) AT 1000 M.

DF P03-10 2496.718 1.90E.02 0.981.
OF P03- I 2471.247 3.45E-02 0.966
OF P03-12 2445.365 4.03E-02 0.960
OF P03.13 2419.086 4.56E-02 0.955
OF P03-14 2392.427 7.40E-02 0.929

OF P04-02 2597.220 1.09E-02 0.989
OF P04.03 2S76.160 1.23E-02 0.988
OF P04.04 2554.548 2.20E-02 0.978
DF P04-05 2532.465 .I.1SE-02 0.989
OF P04-06 2509.887 1,50E-02 0.985

OF P04-07 2486.837 2.2 1E-02 0.978
OF P04-08 2463.334 3.3 IE-02 0.%7
OF P04-09 2439.390 4.1CE-02 0.959
OF P04-0o 2414.990 4.67E-02 0.954
OF P04.31 2390.170 1.59E-01 0.853

OF P04.12 2364.950 2.47E 02 0.000
DF P04-13 2339.340 8.35E 03 0.000
OF P04-'4 2313.350 2,59E 02 0.000
OF PO.-03 2491.620 2.44E-02 0.976
OF P05-04 2470.630 2.81E-02 0.972

OF PO-O5 2449.140 4.i 8E-02 0.959
OF POS-06 2427.170 4.35E-02 0.957
OF P05407 2404.730 S. I SE-02 0.949
OF P05-0 2381.830 1.69E 01 0.000
OF P05-09 2358.490 6.82E 02 0.000

OF P05-10 2334.730 1.32E 02 0.000
DF P05-11 2310.550 1.38E 02 0.000
OF PO5-12 2285.970 4.97E 00. 0.007
OF P05-13 2261.000 3.62E 00 0.027
OF P05-14 2235.670 5.87E-01 0.556

OF P06-05 2367.21!0 1.43E 02 0.000
OF P06-06 2345.830 5.91E , 0.000
OF P06-07 2323.990 5.68E 01 0.000
OF P06-08 2301.690 8.14E 01 0.000
OF P06.09 2278.960 6.48E 00 0.002

58
li



3 km ALTITUDE
3.507 TORR H120 (IN 533 TORR AT 6.0 DEG. C.) (Cont'd)

I.LASER LINE WAVENUMBER EXdaNCTION TRANSMITTANCE,
(I/cm) (11km) AT 1000 M.

OF P06. 10 22SS.810 3.75E 00 0.024
OF P06-11 2232.25G 1~02E-01 0.739
OF .006-12 2208.290 1.73E~-01 0.840
OF P06.13 2183.960 6.OSE.02 0.941
OF P06.l4 21S9.260 1.4011-02 0.986

OF P07-0S 2286.540 I.95E 00 0.142
OF P07.06 2265.740 1 .20E 00 0.301
VPF P074)7 2244.470 9.40E-01 0.391
OF POI-08 2222.760 .3.12E-01 0.732
DF P0I.09 2200.630 4.11I E-0I1 0.663

OF P07.10 2178.070 7.88E-02 0.924
OF P07. 11 2155.110 3.OSE.02 0.970

*OF PO7.32 2131.770 4.37E-02 0.957
OF PO3-04 2226.720 1.92E-01 0.825
OF P08.0 .1206.950 2.35E-01 0.791

OF PO8-06 2186.700 2.07E-01 0.813
OF PO8-07 2166.010 2.36E-02 0.977

OF P08.0 2144.870 1.78E-01 0.837
OF P0O"0 2123.310 3.28E-02 0.968
DF Kv; 10 2101.340 1.72E-02 0.9810

OF Poo- 11 2078.970 1.38E-01 0.871
OF PO8.12 2056.210 1.94E-02 0.981
O F P09-04 2147.460 8.14E-01 0.443
OF P09-05 2128.230 9.30E-03 0.991
OF .P09-06 2108.540 1.20E-02 0.988

OF P09-07 2088.400 6.34E-02 J. 939
OF P09.08 2067 830 1.12E-01 0.894

wOF P09-09 2046.830 2.94E-01 0.745
OF P09-10 2025.420 6.47E-02 0.937
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4 km ALTITUDE

2.290 TORR H20 (IN 471 TORR AT 0.0. DEG..C.)

LASER L[NE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (l1km) A'T 1000 M.

DF POI-01 2884.443 4.89E.02 0.952
DF P01-02 2862.647- 1.17E.03 0.993

To DF P01-03 2839.786 1.42E-02 0.986
"DF P0-04 2816.376 8.54E-03 0.991
DF P01-05 2792.432 1.35E-02 0.987

DF P01-06 2767.967 1.75E.02 0.988
DF P01.07 2742.998 6.013E.03 0:994
DF POI.08 2717.540 1.62E-02 0.984
DF POI-09 2691.608 1.27E.02 0.9#?
DF POI-10 2665.2P7 8.01E-03 0.992

DF POI.-I 2638.384 4.39E-02 0.957
DF POi.12 2611.124 4.18E-03 0.996
DF POI-13 2583.453 2.20E-02 0.978
DF P0I-14 2555.388 1.21E-02 0.988
DF POI-IS 2526.943 9.37E-03 0.991

DF POI-16 2498.135 1.41E-02 0.986
DF POI1-7 2468.980 2.25E-02 0.978
DF P02-02 2772.440 4.58E-02 0.955
CF P02-03 2750.084 7.51 E-03 0.913
DF P02-04 2727.304 7.96E-03 0.992

DF P02-OS 2703.997 4.29E-03 0.996
DF P02-06 2680.177 89E-03, 0.991
DF P02-07 2655.862 1.26E-02 0.987
DF P02-08 2631.065 4.41 E-03 0.996
DF P02-09 2605.804 7.49E-03 0.993

DF P02-10 2580.093 3.82E-02 0.962
DF P02-11 2553.948 1.07E-02 0.989
D OF P02-1: 2527.385 8.97E-03 0.991
DF P02-13 2500.418 1.34E.02 0.987
DF P02-14 2473.065 2.!4E.02 0.979

DF P02-IS 2445.339 3.08E.02 0.970
DF P02-16 2417.258 3.61.E02. 0.965
DF P03.02 2683.950 5.33E-03 0.995

DF P03.03 2662.249 5.8 1 E-03 0.994
DF P03404 2640.075 9.31 E-03 0.991

DF P03-05 2617.384 3.92E-03 0.996
DF P03-06 2594.193 5.97E-03 0.994
DF P03-07 2570.516 2.98E-02 0.971
DF P03-08 2546.367 2.07E-02 0.980.
DF P03.09 2521.763 9.12E-03 " ' 0.991
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4 km ALTITUDE
2.290 TORK H20 (IN 471 TORR AT 0.0 DEG. C.-, (Contd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
f l/cm) (1/km) AT 1000 M.

DF P03. 10 2496.718 1.44E-02 0.986
DF P03-11 2471.247 2.60E-02 0.974
"DF P03-12 2445.3b5 3.14E-02 0.969
DF P03-13 2419.086 3.f7E-02 0.965
DF P03.14 2392..427 5.56E-02 0.946

DF P04.02 2597.220 7.72E.-0 0.992
DF P04-03 2576.160 8.97E-J3 0.991
DF P04-04 2554.548 1.76E.02 0.983
DF P04-05 2532.465 8.54E-03 0.991
DF P04-06 2509.887 1.13E-02 0.989

DF P04.07 2486.837 1.70E-02 0.983
WF P04-08 2463.334 2.53E-02 0.975
DF P04-09 2439.390 3.24E-02 0.968
DF P04-10 2414.,90 3.66E-01 0.964
DF P04-11 2390.17) 1.12E-01 0.894

DF P04-12 2364.950 i.97E 02 0.000
DF P04-13 2339.340 7.83E 03 0.000
DF P04-14 2313.350 2.02E 02 0.000
DF P05-03 2491.620 1.95E-02 0.981
DF PO-04 2470.630 2.17E-02 0.979

DF P05-05 2449.140 3.27E-02 0.968
DF P05-06 2427.170 3.40E-02 0.967
DF P05-07 2404.730 4.06E-02 0.960
DF P05-08 2381.830 1.22E 01 0.000
DF P05-09 2358.490 5.50E 02 0.000

DF P05-10 2334.730 1.05E 02 0.000
DF P05-11 2310.550 ;.11 E 02 0.000
DF P05.12 2285.970 3.94E 00 0.019
DF P05-13 2261.000 2.84E 00 0.058
DF P05-14 2235.670 4.45E.01 0.641

DF P06-05 2367.210 1.13E 02 0.000
DF P06-06 2345.830 4.88E 02 0.000
DF P06-07 2323.990 4.37E 01 0.000
DF. P;06-08 2301.690 6.94E 01 0.000
DF Pi,6-09 2278.960 5.19E 00 0.006
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4 km ALTITUDE

2.290 TOUR H20 (IN 471 TORR AT 0.0 DEG. C.) (Cont'd)

LASER LINE WAVENUMBER *EXTINCTION TRANSMITTANCE
(!icm) (J/krrn AT 1000 M.

DF P06-10 2255.810 2.92E 00 0.054
DF P06-11 2232.250 2.39E-01 0.787

w DF P06-12 2208.290 i.38E-01 0.871
"VDF P06-!3 21V7.960 4.67E02 0.954
DF PO -14 2159.260 1.02E-02. 0.990

DF P07-05 2286.540 1.45E 00 0.234
DF P07-06 2265.7.4 Q.53E-01 0.386
DF P07-07 2&4%.-!7() ;.75E.01 0.461
DF P07-08 2222.760 2.75E-01 0.760
OF P07-09 2200.630 3.29E-01 0.7!9

DF P07-10 2178070 6.17E-02 0.940
DF P07-Il 2155.110 1.91E-02 0.981
DF P07-12 2131.770 3.22E-02 0.968
DF P0S-o. 2226.720 1.45E-01 0.865
DF P08-05 2206.950 1.83E-01 0.833

DF POS-.O 2186.700 1.54E-01 0.858
DF !08"07 2166.010 1.68E-02 0.9C3
Dte P08.08 2144.870 1.OIE-01 0.904
DF PO8.09 2123.3,0 2.06E-02 0.980
DF P08.10 2101.340 1.12E-02 0.989

DF P0:- 11 2078.970 8.47E-02 0.919
DF P08.12 2056.210 1.30E-02 0.987

,o OF P09-04 2147.460 4.73E-01 0.623
DF P09.05 2128.230 6.66E-03 0.993
DF P09-06 2108.540 7.91E-03 0.992

Dr P09-07 2088.400 3.53E-02 0.%5
DF P09.08 2067.830 A MR-02 0.936
DF P09-09 2046.83C, 1.60E-ýI 0.852
DF P09-10 2025.420 3.61E-02 0.965
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I' 5 -rn ALTITUDE

1.383 TORR 1120 (IN 416 TORR AT .6.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
M(/cm) (1/kni AT 1000 M.

OF Pol-01 2884.943 3 96E-02 0.961
DF POi-02 2862..47 05E-03 0.995
OF P01.03 2339.7W• 4.85E.03 0.990
OF POI-4 2816.376 5.51E-03 0.995
OF POi-05 2792.432 F 87E.03 0.991

OF POI-06 2767.%67 7.83E-03 0.992
OF 101-07 2742.998 3.87E-03 0.996
OF P01-08 2717.540 9.27E-03 0.99i
OF POI.09 2691.605 1.04E.02 0.990
OF POI.10 2665.217 5.33E.03 0.995

DF PO;.11 2638.384 2.49E.02 0.975
DF POI.12 2611.124 2.67E.03 0.997
OF POI-13 2583.4S3 1.76E-07 0.983
OF POI-14 2.55.388 9.13E.03 0.991
DF Pi1-I 5 2526.943 6.89E-03 0.993

DF POi-16 2498.135 1.06E-02 0.989
OF POI.17 2468.980 1.72E-02 0.983
DF P02-02 2772.440 2.73E-02 0.973
OF P02-03 2750.084 4.63E.03 095
DF P02.04 2727.304 4.96E-03 0.99";

OF P02-05 2703.997 2.60E-03 0.097
DF P02-06 2680.177 5.34E-03 0.995
OF P02-0 7  26S5.862 7.46E-03 0.993
"OF P02-08 2631.065 2.91E-0 0.997
DF P•2-09 2605.804 4.64E-03 0.995

OF P02-10 L580.093 3.29E-02 0.968
OF P02-I1 2553.948 8.07E-03 0.992
OF P02-12 2527.385 6.(2E-03 0.993
OF P42-" 3 2500.418 1.0 i E-02 0.990
OF P02.14 2473.065 1.64E-02 0.984

-DF P02-15 244- 339 ._ 3E.02 0.976
DF P02-16 2ii . 2.8i! ji• 0.972
OF P03-02 2683.950 3.53E-03 0.996
OF P03-03 2662.249 3.48E-03 0.997
OF P03-04 2640.075 5.72E.03 0.994

OF P03-05 2617 384 2.55E-03 0.997
DF P03-06 2594.193 3.92F-03 0 196
DF P03-07 6570.516 2.52E-02 0.'4 i5
DF P03-08 2546.367 1.64E-02 0.S84
DF P03-09 2521.763 6.70E.03 0 993
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5 kni ALTITUDE

1.383 TORR 1120 (IN 416 TORR A" -6.0 DEG. C.) (Cont'd)

LASER LINE WAVZAUMBER EXTINCTION TRANSMITTANCE
(Iicn,) (1/km) AT 1000 M.

DF P03-10 2496.718 1.08E-02 0.984
DF P03-11 2471.247 1.95E-02 0.981
DF P03-12 2445.365 2.43E-02 0.976SDF P03-13 2419.086 2.77E-02 0.Q73
DF P03-14 2392.427 4.17E-02 0.951

DF P04-02 2597.220 5.39E-03 0.95
DF 04.-03 2576.160 6.43E-O. 0.994
DF P04-04 2554.548 1,40E-,2 . 0.986
DF P04-05 2532.465 6.23E-03 0.994
DF P04-06 250r.887 8.47E-03 0.992

DF P04-07 2486.837 1.2911-02 0.987
DF P04-08 2463.334 1.92E-02 0.981
&F P04-09 2439.390 2.51E-02 0.975
DF P04-10 2414.990 2.84E-02 0.972
DF P04-1 i 2390.170 7.86E,02 0.924

DF PtA- 12 2364.950 1.56E 02 0.000
DF P04-13 2339.340 7.26E 03 0.000
DF P04-14 2313.350 1.55E 02 0.000
"D P05-03 2491.620 1.56E-02 0.985
DF F05-04 2470.630 1.67E-02 0.9E3

DF P05-05 2449.!40 2.53E-02 0.975
DF P05-06 2427. 70 2.64FE-02 0.974
DF P05-07 2464.730 3.17E.02 0.%9
F)F P05-OM 21s.830 8.74E 00 0.000
SDF P05-09 2358.490 4.41E 02 0.000

DF P05- 10 2334.730 8.31E 01 0.000
DF P05-11 2310.550 8.73E Of 0.000
DF P95-12 2285.970 3.1IE 00 0.044
DF P05-13 2261.000 7.21E O0 0.109
DF P05.14 2235.670 3.38E-01 6.714

DF P06-05 2367.210 8.P2E 0! 0.000
DF P06-06 2345.830 3.99E 07 0.009
DF P06-07 2323.990 3.34E G' 0.000
DF P06-08 2301.690 5.86E 01 0.000
DF P06-09 &'278.96G 4.13E 00 0.016
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S km ALTITUDE

1.383 TORR H20 (IN 416 TORR AT .6.0 DEG. C.) (Cont'd)
LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE[ (I/cm) (1/km) AT 1000 M.

DF P06-10 2255.810 2.26E 00 0.105
DF P06-11 2232.250 1.89E-01 0.828
DF P06-12 2208.290 1.09E-OI 0.897
DF P06-13 2183.960 3.59E-02 0.965
DF P06-14 2159.260 7.SIE-03 0.993

DF P07-05 2286.540 1.08E 00 0.341
DF P07-06 2265.740 7.52E-01 0.471
DF P07-07 2244.470 6.33E-01 0.531
DF P07-08 2222.760 2.41E-01 0.786
DF P07-09 2200.630 2.62E-01 0.770

DF P07-10 2178.070 4.76E-02 0.954
DF P97-11 2155.110 1.20E-02 0.98v
DF P07-12 2131.770 2.41E-C2 0.976
OF P08.04 2226.720 1.09E.01 0.8%
DF P08.O5 2206.950 1.43F-01 0.866

DiF P08-06 2186.700 1.16E-01 0.890
DF P08-07 2166.010 1.21E-02 0.988
DF P08418 2i44.870' S.27E-02 0.949
DF P08-09 2123.310 1.29E-02 0.987
DF P08-10 2101.340 7.27E.03 0.993

DF P08- 11 2078.970 5.22E-02 0.949
DF P08-!2 2056.210 8.69E-03 0.991
DF P09-04 2147.460 2.51E-01 0.778
DF P09-05 2128.230 4.86E-03 0.995
DF P09-06 2108:540 5.31E-03 0.995

DF P09.07 2088.400 .892-02 0.981
DF P09-08 2067.830 76E-02 0.963
DF P09-09 2046.830 ).97E-02 0.923
DF P09-10 2025.420 1.86E-02 .0.982
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6 km ALTITUDE

0.816 TORR H20 (IN 365 TORR AT .12.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M.

DF POI-01 2884.943 3.23&.02 0.968
DF P01-02 2862.647 3.66E-03 0.996
DF POI-03 2839.786 6.73E-03 0.993

W, DF P01-04 2816.376 3.61E-03 0.996
DF POI-05 2792.432 5.90E-03 0.994

DF P01-06 2767.%7 5.00E-03 0.995
DF P01-07 2742.998 2.49E-03 0.998
DF P01-08 2717.540 5.20E1-3 0.995
DF POI-09 2691.608 8.80E-03 0.991
DF P01-10 2665.217 3.59E-03 0.996

DF POI-I 1 2638.384 1.38E-02 0.986
DF P0-12 2611.124 1.72E-03 0.998
DF P01-13 2583.453 1.41 E-02 0.986

SDF POI-14 2555.388 6.92E-03 0.993
DF pot-i5 2526.943 S.09E-03 0.995

DF PO-16 2498.135 7.98E-03 0.992
I/ .DF POI-17 2468.980 1.33E-02 0.987

DF P02-02 2772.440 1.60E-02. 0.984
" DF P02-03 2750.084 2.83E-03 0.997

DF P02-04 2727.304 3.08E-03 0.997

DF P02-05 2703.997 1.57E-03 0.998
DF P02-06 2680.177 3.19E-03 0.997
DF P02-'7 2655.862 4.39E-03 0.996
DF P02-08 2631.065 1.94E-03 0.998
"DF P02-09 2605.P04 2.98E-03 0.997

DF P02-10 2580.093 2.82E-02 0.972
DF P02-11 2553.948 6.11 E-03 0.994
DF P02-12 2527.385 4.92E-03 0.995

* DF P02-13 2500.418 7.64E-03 0.992
DF P02-14 2473.065 1.26E-02 0.987

DF P02-I' 2445.339 1.84E-02 0.982
DF P02-16 2417.258 2.18E-02 0.978
DF P03-02 2683.950 2.51E-03 0.997

, DF P03-03 2662.249 2,07E-03 0.998
DF P03.04 2640.075 3.45E-03 0.991

DF P03 05 2617394 6'YE-03 0.998
DF P03-06 2594.193 2.60E-03 0.997
DF P03-07 2570.516 2.13E-02 0979
D OF P03.08 2546.367 1.29E-02 0.987
DF P03-09 2521.763 4.96E-03 0.995
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""6 Um ALTITUDE

0.816 TORR H20 (IN 365 TORR AT .12.0 DRG. C.) (Cont'd)

LASER LINE WAVENUMBiER EXTINCTION TRANSMITTANCE
(I/cm) (Ilkm) AT 1000 M.

DF P03-10 2496.718 8. 18E-03 0.992
DF P03-1! 2471.247 1.48E-02 0.985DF P03-12 2445.365 I.88E-02 0.91l
DF P03-13 2419.086 2.16E-02 0.979

FD P03-14 2392.427 3.14E-02 0.969

DF P04-02 2597.220 3.82E-03 0.996
DF P04-03 2576.160 4.74E.03 0.995
DF P04.04 2554.548 L.I I E-02 0.989
DF P04-OS 2532.465 4.59E-I 0.995
DF P04-06 2509.887 6.37E-03 0.994

FD P04-07 2486.837 9.89E-03 0.990
DF P04-08 2463.334 1.47E-02 0.985
DF P04-09 2439.390 1.94E-02 0.981
DF P64-,10 2414.990 2.21E.02 0.978
DF P04-11 2390.170 5.53E-02 0.946

DF P04-12 2364.950 1.23E 02' 0.000
DF P04.13 2339.340 6.63E 03 0.000
DF P04.I4 2313.350 1.17E 02 0.000
DF P05-03 2491.620 1.251-02 0.988
DF P05.04 2470.630 1.28E-02 0.987

DF P05-05 2449.140 1.97E-02 0.981
DF P05-06 2427.170 2.05E-02 0.980
DF P05-07 2404.730 2.471.02 0.976
DF P05-08 2381.830 6.17E 00 0.002
DF P05-09 2358.490 3.51E 02 0.000

DF P05-10 2334.730 6.52E 01 0.000
DF P05-11 2310.550 6.75E 31 0.000
DF P05-12. 2285.970 2.45E 00 0.087
DF P05-13 2261.000 1.71E 00 0.181
DF P05-14 2235.670 2.58E-01 0.773

DF P06-05 2367.210 6.85E 01 . 0.000
DF P06-06 2345.R•3 3.24E 02 0.000
DF P06-07 2323.990 2.53E 01 0.000
DF P06-08 2301.690 4.91E 01 0.000
DF P06-09 2278.960 3.26E 00 0.038
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6 km ALTITUDE

0.816 TORR H20 (IN 365 TORR AT -12.0 DEG. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M.

DF P06-10 2255.810 1.73E 00 0.178
DF P06-1! 2232.250 1.48E.01 0.863
DF P06-K 2208.290 8.52E-02 0.918
D DF P06 2183.960 2.75E-02 0.973
"DF P06-14 2159.260 5.57E-03 0.994

DF P07-05 2286.540 7.98E-01 0.450
DF P07-06 2265.740 5.91E-01 0.554
DF P07-07 2244.470 5.09E-01 0.601
DF P07-08 2222.760 2.1IE-01 0.810
DF P07.09 2200.630 2.06E-01 0.814

DF P07-10 2178.070 3.62E-02 0.964
DF P07-11 2155.110 7.81E-03 0.992
DF P07-12 2131.770 • 1.85E-02 0.982
DF P0804 2226.720 8.20E-02 0 921
DF P08-05 2206.950 1.13E-01 0.8q3

DF P08-06 2186.700 8.92E-02 0.915DF P08-07 2166.010 8.87E-03 0.991

DF P08-08 2144.870 2.66E-02 0.974
DF P08-09 2123.310 8.52E-03 0.992
DF P08-10 2101.340 4.92E-03 0.995

DF P08l. Il 2078.970 3.35E-02 0.96;
DF P08.12 2056.210 5.98E-03 0.994

*DF P09.04 2147.460 1.28E-01 0.880
DF P09.05 2128.230 3.65E-03 0.996
DF P09-06 2108.540 3.72E-03 0.996

DF P09-07 2088.400 1.05E-02 0.990
DF P09-08 2067.830 2"1 SE-02. 0.979
DF P09-09 2046.830 3.84E.02 0.962

*DF P09-10 2(,25.420 9 32E.03 0,991
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7 km ALTITUOE

0.470"TORR 1120 (IN 320 TORR AT -18.0 DEG. C.)

* LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(l/cm) (1lkm) AT 1000 M.

DF POI-01 2884.943 2.65E-02 0.974
DF POI.02 •2862.647 2.71E-03 0.997
DF POi-03 2839.786 4.53E-03 0.995

•.. DF POI-04 2816.376 2.41E-03 0.998
DF P01-05 . '2792.432 3.99E-03 0.996

DF P01-06 2767.967 3.27E-03 0.997
DF POI.07 2742.998 1.61E.03 0.998
DF POI08 2717.540 2.86E-03 0.997
DF POI-09 2691.608 7.74E-03 0.992
DF POI-IO 2665.217 2.44E-03 0.998
DF POI-i 1 2638.384 7.43E.03 0.993
DF POI-12 2611.124 1.12E-03 0.999
DF POI-13 2583.453 1.1 IE-02 0.989

DF POI-14 2555.388 5.25E-03 0.995
DF POI-15 2526.943 3.78E-03 0.996

DF P01-16 2498.135 6.05E-03 0.994
OF P01:17 2468.980 1.02E-02 0.990
DF P02.02 2772.440 9.30E.03 0.991
DF P02-03 2750.084 1 .73E-03 0.993
DF i .j2-04 2727.304 1.91 E.03 0.998

DF P02-05 2703.997 9.32E.04 0.999OF P02-06 2680.177 1.90E-03 0.998

DF P02-07 ?655.862 2.60E-03 0.997
DF P02-08 2631.065 1.31E-03 0.999
DF P02-09 2605.804 1.94E-03 0.998

OF P02-10 2580.093 2.38E-02 0.977
DF P02-11 2553.948 4.63E-03 0.995
DF P02-12 2527.385 3 69E.03 0.996
DF P02-13 2500.418 5.80E.03 0 994
DF PG2-14 2473.065 9.65E-03 0.990

D!F P02-15 2445.339 1.42E-02 0.986

DI- P02-16 2417.258 1.69E.02 0.983
DF P03-02 2683.950 1.86E.03 0.998
DF P03-03. 2662.249 1.22E.03 0.999
OF P03-04 2640.075 2.05E-03 0.998

DF P03-05 2617.384 1.10E.03 0.999
DF P03-06 2594.193 1.75E-03 0.998
DF • P03-07 .2570.516 1.78E-02 0.982
DF P03-08 2546.367 1.0IE.02 0 990
DF P03-09 2521.763 3.6eE-03 0.996
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7 km ALTITUDE

0.470 TORR 1120 (IN 320 TORR AT -18.0 I)EG. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(/cm) (1/km) AT 1000 M.

Dl- P03-10 2496.718 6,20E-03 0.994
DOf P03-11 2471.247 1.13.E.02 0.989
OF P03.12 2445.365 1.45E-02 0.986
"OF P03.13 2419.086 1.67E.02 0.983
DF P03-14- 2392.427 2.36E-02 0.977

OF P04-02 c97.220 2.74E-03 0.997
OF P04.03 2576.160 3.49E.03 0.997
DF P0404 2554.548 8.74E-03 0.991
OF P04-05 2532.465 3.39E-03 0.997
OF P04-06 2509.887 4.81E-03 0995

OF P04.07 2486.837 7.56E-03 0.992
OF P04.08 2463.334 1. 13 E-02. 0.989

' OF P04,09 2439.390 1.50E-02 0.985
OF P04-10 2414.990 1.72E-02 -0.983
OF P04.11 . 2390.170 3.89E-02 0.962

OF P04•12 2364.950 9.53E 01 0.000

OF P04.13 2339.340 5.95E 03 0.000
O OF P0414 2313.350 8 69E Of 0.000
OF P05-03 2491.620 I.OIE-02 . 0.990
OF P05.04 2470.630 9.87E-03 0.990

OF P05.05 2449.140. 1.52E-02 0.985
OF P05-06 2427.170 1.59E-02 0.984
OF P05.07 2404 730 1.92E-02 0.981
OF P05-08 2381.830 4.29E 00 0.014
DF P05o9 2358.490 2.76E 02 0.000

OF POS-10 2334.730 5.07E 01 0.000
OF P05-11 2310.550 5.09E 01 0.000
O OF P05-12 2285.970 1.91E 00 0.!48
DF P05.13 2261.000 1.31E ..0 0.271
OF P05-14 2235.670 I.%E.01 0.822-

DI, P06.05 2367.210 5.26E 0? O..00
DFr P06.06 2345.830 2.60F 02 0 000

* OF P06.07 2323.990 1.89E 01 0.000
Df- P06.08 2301.690 4.05E 01 0.000
DF P06.09 2278.960 2.55F 00 0.078
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7 km ALTITUDE

0.470 TORR 1120 (IN 320 TORR AT .18.0 )EG. C.) (C'ontd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(/km) (1/km) AT 1000 M.

DF P06.10 2255.810 1.30E 0) 0.272
DP P06-11 2232.250 1.14E-0! 0.892
)l- P06-12 2208.290 6.63E.O? 0.936

DI- P06.13 2183.960 2.09E-02 6.979
DF P06-14 2159,260 4.14E-03 0.996

DF P07-05 2286.540 5.88E.-0 0.555
DF P07-06 2265.740 4.59E-01 0.632
DF P07.07 2244.470 4.04E.01 0.668
DF P07-08 2222.760 1.82E-01 0.833
DF P07-09 2200.630 ! .60E-01 0.852

DF P07.10 2178.070 2.70E-02 0.973
DF P07-11 2155.110 5.32E.03 0.995DF P07-12 2131.770 1.43E-02 0.986

DF P08-04 2226.720 . 6.1OE-02 0.941
DF P08-05 2206.950 F.91E-02 0.915

DF P08.06 2186.700 6.88E.02 0.934
DF P08.07 2166.010 6.61E.03 0.993
DF P08-08 2144.870 1.31E-02 0.987
DF P08.09 2123.310 5.97E-03 0.994
Dr P08-10 2101.340 3.47E-03 0.997

DF P08- I1 2078.970 2.23E-02 0.978
DF P08-12 2056.210 4.20E-03 0.996
DF P09-04 2147.460 6.31E-02 0.939
DF P09-05 2128.230 2.77.E-03 • 0.997
DF P09.06 2108.540 2.72E.03 0.997

DF P09-07 2088.400 6.18E-03 0.994
DF P09-0 2067.830 1.26E-02 0.937
DF P09-09 2046.830 1.79E.02 0.982
DF P09-10 2025.420 4.56E.03 0.995

I-
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8 km AI.TITUDE-

wv 0.238 TORR 1120 (Ii 279 TORR AT .25.0 IMEG. C.)

LASER LINE WAVENUMBIER EXTINCTION TP 6NSMITTANCE
(I /cm) (IIkml AT i000M,

DF P01-01 28C4.943 2.16E-02 0.979
DF P01-02 2862.647 2.041:-03 0.998

-! DF POl-03 2839.786 2.74E-03 0997
DF PO1.04 2816.376 1.60E-03 0.998
DF POI-05 2792.432 2.69E.03 0.997

DF Po1-06 2767.967 2.12E-03 0.998
DF POi-07 2742.998 1.02E-03 0.999
DF POI-08 2717.540 1.42E.03 0.999
DF P01-09 2691.608 6.95E-03 0.993
DF. POI-10 2665.217 1.64E-03 0.998

DF Po0I - 1I 2638.384 3.60E-03 0.996
DF PO-12 2611.124 7..I 7E-04 0.999
DF P01.13 2583.453 8.72E-03 0.91
DF POI-14 25S5.399 4.00E-03 0.996

DF PO-IS- 2526.943 2.81E-03 0.997

DF POI-16 2498.135 4.61E-03 0.995
DF POI-17 2468.980 '.88E-03 0.992

. DF P02.02 2772.440 5.04E-03 0.995
DF P02-03 2750.084 1.01E-03 0.999
DF P02-04 2727.304 1.14E.03 0.999

DF P02-O5 2703.997 5.19E-04 0.999
DF P02.06 2680.177 I.08E-03 0.999
DF P02-07 2655.862 1.48E2-03 0.999
DF P02-0 2631.065 8.78E'04 0.999DF P02-09 2605.804 !.25E-03 0.999

DF P02-10 2580.093 1.98E-02 0.980
DF P02-I1 2553.948 3.5 1 E-03 0.996
DF P02-12 2527.385 2.78E-03 0.997
DF P02-13 2500.418 4.42E-03 0.996
DF P02-14 2473.065 7.43E-03 0.993

DF P02- !S 2445.339 !.IOE-02 0.989
DF P02-16 2417.258 1.32E-02 0.987
Dr P03-02 2683.950 1.40E-03 0.999
DF P03-03 2662.249 6.84E-04 0.999
DF P03-04 2640.075 I.i3E-03 0.999

DF P03-05 2617.384 7.22E-04 0.999
DF P03-06 2594.193 1. 1 6E-03 0.999
DF P03-07 2570.516 1.48E-02 0.985
DF P03-08 2546 367 7 94E.03 0.992
DF P03-09 2521.763 2.76E-03 0.997
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8 km ALTITUDE

0,238 TORR 1120 OIN 279 TORR AT -25.0 DEG: C.) (Cont'd)

LASER LINE WAVENUMBE A EXTINC.TION TRANSMit-TANCE"
(I/cm) (llkmn) AT 1000M.

DF P03-10 2496.713 4.73E-03 0.995

DF P03-11 2471.247 8.74E-03 0.991
SDF P03-12 2445.365 1.12E-.62 0.989

DF P03-13 &2419.086 1.30E-02 0.987DF P03-14 2392.427 1.78E.G,4 0.982

DF FR0-02 2597.220 1.96E.03 0.998
DF P04-03 2576.1i60 2.59E.03 0.997
DF P04-04 255,S.548 6.90E-03 0.993DF P04-05 2532.465 2.52E-03 0.99-

DF P04-0• 2509.987 3.65E-07 0.996

OF P04-07 2486.837 5.81E%-, 0.994DF P04-08 2463.334 8.67E-03 0.991

DF P04-09 2439.390 1. 16E-02. 0.988
DF P04. 10 2414.990 1.34E-02 0.987
DFr P04-1 2 390.170 2.72E.02 0.973

D F P04-12 2364.950 7.32E , 0.000DF .P04213 2339.3 •TRR A.27E G3 0.000
DF P04-14 2313.350 6.28E 01 0.000DF P0.13 2491.620 8.23E-03 0.992

DF P03.04 2470.630 7.62E.03 C.992

DF P03.05 2449.140 1. 18E,02 0.987
DF. P0.S06 2427?170 1.24E.O2 0.988
DF P05-07 2404.730 1.50E-02 0.985
OF P04-08 2356.830 2.90E 00 0.055
DF P04-09 2358.490 2.17E 02 0.900

DF P04.10 2334.730 3.93E*01 0.000
DF P05.11 2310.550 3.70E 01 0.900
DF P054-12 2286.97 1.49E 00 0.226
DF P05.13 2261.000 9.91E.01 0.371
*DF P05.14 2235.670 I.50E.01 0.861

DF P06-05 2367.210 4.03E 01 0.000
D • P04-06 2345.830 2.08E 02 0.000
DF P06-07 2323.990 1.40E 01 0.000
DF P06.08 2301.690 3.22E 01 0.000
DF P06-09 2278.960 1.96E 00 0.142
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[ .8 km ALTITUDE

0.238 TORR H20 (IN 279 TORR AT -25.0 DEG. C.) (Cont'd)
[ "• LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE

(1/cm) (1/km) AT 1000M.

O.DF P06-10 2255.810- 9.71 E.01 0.379
OF P06-11 2232.250 . 8.85E.02 0.915
OF POG-12 2208.290 5.1SE-02 0.950
DF P06-13 2183.960 1.56E-02 0.985
OF P06-14 2159.260 3.06E-03 0.997

OF P07-05 2286.540 4.32E-01 0.649
DF P07.06 2265.740 3.5SE-01 0.701
OF P07-07 2244.470 3.1ASE-0 0.730

* OF P07-08 2222.760 1.SSE-01 0.806
OF P07-09 2200.630 1.23E-01 0 884

OF P07.10 .178.070 I.97E+4;2 0.980
OF P07- I.! 2155.110 3.70E.03 0.996
OF P07-12 2131.770 1.12E-02 0989
DF P08-04 2226.720 4.S2E-02 0.956
OF P08-OS 2206.950 6.98E-02 0.933

OF P0-o06 2186.700 5.28E-02 0.949
OF P08-07 2166.010 4.97E.03 0.995
OF P08-08 2144.870 5.78E.03 0).994
DF P08-09 2123.310 4.38E-03 0.996
OF P08-10 2101.340 2.49E-03 0.998

OF P08-1i 2078.970 1.31&-02 0.985
OF P08-12 2056.210 2.99E-03 0.997
OF P09-04 2147.460 2:70E-02 G.973
OF P09-05 2128.230 2.13E-03 0..98
OF P09-06 2108.540 2.06E-03 0.998

OF P09-07 2088.400 3.84E-03 0.96
OF P09-O8 2067.830 7.45Eo03 0.993
O F P09-09 2046.830 7.25E-03 0.9ý3
DF P09-10 2025.420 1.96E-03 0.998
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9 km ALTITUDE

Lr 0.130 TORR 1120 (IN 243 TORR .AT --1.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1I/cm) ,lkm) AT 1000 M.

DF P01I01 2884.943 1.77E-02 0.982
DF P01.02 2862.647 1.58E--, 0.998
IF P01-03 2839.786 1.79E-03 0.998
DF P01-04 2816.376 1.ISE-03 0.999
DF PAI-05 2792.432 i.91E-03 0.998

DF P0-.06 2767.96" 1.51E-03 0.998
DF P01. .7 2742.998 6.78E-04 0.999
DF P01.08 2717.540 7.6GE-04 0.999
DF Po1.09 2691.608 6.41E-03 0.994
DF POi-1O 2665.217 1.16E-03 0.999

DF PO0-I 1 2632.384 1.88E-03 0.998
DF POI.12 2611.124 4.88E.04 1.000
DF POI-13 2583.453 6.82E-03 0.993
DF POI.14 2555.388 3.07E-03 0.997
DF P01-15. 2526.943 2.12E-03 0.998

DF POI-16 2498.135 3.54E.03 0.996

OF POI.17 2468.980 6.09E-03" 0.994
DF P02.02 2772.440 2.97E-03 0.997
DF P02.03 2750.084 6.30E-04 0.999
DF P02.04 2727.304. 7.24E.04 0.999

DF P02-05 2703.997 3..IOE-04 .o00w
OF P02.06 2680.177 6.58E-04 0.999
DF P02.07 2655.862 9.30E.04 0.999
DF P02-08 2631.065 6.21 E-04 0.999
DF P02-09 2605.804 8.68E-04. 0.999"

DF P02-10 2580093 i.63E-02 0.984
DF P02-11 2553.948 2.69E-03 0.997
DF P02-12 2527.385 12E-03 ,.v98
DF P02-13 2500.418 . - '-03 0.997
DF P02-14 2473.065 5.74.-03 0.994

DF P02.15 2445.339 8.53E-03 0.992
DF P02-16 • 2417.258 1.03E-02 0.990
DF P03.02 2683.950 I. 13E-03 0.999
DF P03-03 2662.249 4.131F-04 1.000
DF P03.04. 2640.075 6.691:.04 0.999

DF P03-05 2617 384 5,041•-04 0.999
DF 1P03-06 2594 193 8 11 E'-04 0 999
DF P03-07 2570.516 1.21E-02 0988
DF P03-08 2546 367 6.21E-03 0994
I'1F P03.09 2521 .763 2 O9E.03 0) 998

75

L"



9 km ALTITUDE

0.130 TORR 1120 (IN 243 TOR, AT -3" 0 DEG. C ) -Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(l/cm) (I/fvm) AT 1000 M.

DF P03-10 2496 71 3 64E.03 0.99t,
DF P03.11 247124' 6.80E-03 099%

DF P03.12 2445.365 $.64E-03 0.991
D0- P03-!3 2419086 1.01E-02 0.990
DF P03-14 2392427 1.35E-02 0.987

DF P04-02 2597.220 1.44E-03 0.999
DF P04-03 2576 160 1.9A.03 0998
DF P04-04 2554 548 5.42E-03 0.995
DF P04.115 25.-.465 1.90E-03 0.999
DF ,.04-06 2509.b87 2.79E-03 0.997

DF P04-07 2416.137 4 47E-03 0.996
DF P04-08 2463 334 6.70E.03 0.993
DF P04-09 2439.390 9.02E-03 0.991
DF P04-10 2414.990 i.04E-02 0.990
DF P04-11 2390.170 1.95E-02 0.q81

DF P04-12 2364.950 5.59E 01 0.000
DF P04-13 2339.340 4.5SE 03 0.000
DF P04-14 2313.350 4.54E 01 0.0&1
DF PO5-03 :"91.620 6.74E-03 0.94.
DF P05-04 247U.630 5.89E-03 0 994

DF P05.05 2449.140 9.10E-03 0.99'
DF P054)6 2427.170 9.64E.03 0.990
O. F P05-07 2404 730 1. 16E-02 0.988
DF ?05-08 1381.830 1.97E 00 0.139
OF P05-09 2405.490 1.70E 02 0.000

DF PO5-10 2)34.730 3 02E 01 0000
OF P05-I1 2310.550 2.68E 01 0.000
DF P05-12 2285.Q70 1.16E 00 0314
DF P05.13 2261000 '48E.01 347.A
OF P05-14 2.235 670 ,.14E-01 01.2

OF P06-05 2367 210 3 06E .•0100
rt. P064'. '145 830 1 65E 02 o?.100
, ,F P,-,17 2323990 1 03E 01 a uOO
DF P06-08 23C1 690 2 57E 01 OIo0
DF P36.09 2278960 1 51EOO 0 221
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9 km A TtTUDE

0.130 TORR 1120 (IN 243 TOisl AT -31.0 DEG. C.) (Con'd)

LAtER LINE WAVENUMBER F.ATINCTION TRANSMITTANCE
(I/cm) (lkm) AT 1000 NI.

OF P06.10 2255.810 "21E-Of 0.486
DF P06-11 2232.250 ti.80E-02 0.934
DF P06-12 2208.290 3.97E-02 0.961
OF P06-13 2i83.960 L.I7E-02 0.988
DF P06-14 2159.260 2.28E-03 0.998

DF 007-05 2286.540 3.20E-01 0.726
DF P07-06 2265.740 2.74E-01 0.760
DF P07-07 2244.470 2.44E-01 0.783
OF P07-08 2222.760 1.32E-O0 0.876
DF P07-09 2200.630 9.44E.02 0.910

DF P07-10 2179.070 i.43E-02 0.986
OF P07-11 2155.. 10 2.72E-03 0.997
DF P07-12 2131.770 8 Pi-03 0.991
DF P08.04 2226.720 4 .02 0.967
DF P0-OW 22,6.950 5.. 02 0.947

OF PO0-06 2186.700 4.v.cE4-12 0.960
DF P03-07 2166.010 3.78E-03 0.996
DF P08-Os 2144.870 2.92E-03 0.997
DF PO8.09 2123.310 3 47E-03 0.997
DF PO-10 2!01.340 I.99E-03 0.998

DF PO8-I I 2078.970 1.06E-02 0.939
DF POE-11 2056.210 2.18E-03 0.998
OF P09-04 2147.460 I 27E-02 0.957
DF P09-05 2128.230 1.66E-03 0.998
OF P09-06 2108.540 1.64E-03 0 998

OF P09-07 2088.400 2.78E-03 0.997
OF P09-08 2067.830 4.94E-03 0 995
OF P09-09 2 046.8 10 3.27E-03 0.997
OF P09-10 2025.420 9.16L-04 0.999

17



10 km ALTITUDE

• 0.9)60 TORR H20 (IN 211 TORN AT -38.0 DEG. C.)

LASER LINE WAVENUMBER EXTINCTION IRANSMITTANCE
(1/cm) (1lkm) AT 1000 M.

DF POI.01 2884.943 1.44E-02 0.986
q- DF P01.12 2162.647 1.23E-03 0.999

OF P01-03 2839.786 1.03E-03 0.999
DF PO1.04 2316.376 9.33E44 0.999
DF P01.05 2792 432 1.36E-03 0.999

DF P01-06 2767.967 1.0E-03 0.9"9
OF 01 ..07 2742.998 4.44E.04 1.000
DF Po! -M 2717.540 3.66E.04 1.000
D F Pi61..09 2601.608 5 81E-03 0.994
OF P(i-10 2665.217 8.03E.04 0.999

OF POW- 1 2631.394 8.82E-04 0 999
OF POI-12 2611.124 3.30E.04 L.000
OF POI-13 2583.453 'q 27E-03 0.995
OF P0t.14 2555.398 2.36E-03 0.990
DF POI-15 2526.943 i.60E.03 0.998

OF POI.16 2498.135 2.72E.03 0.997
OF PI -17 24681.90 4.71E-03 0.995
OF P02-02 2772.440 1.6711-03 0.991
DF P02-03 2750034 3 81 E-04 1.000
OF P02 04 2727.304 4.46E-04 I w90

OF P02.05 2703.997 1.74E.04 1.000
OF PO,.06 2680.177 3.99E-04 1.000
DF w2-07 2655 862 5 96E-04 01.999

4OF P02-01 2631 065 4.37E.04 !.000
OF P02-09 2605 804 6.04E.04 0.999

[)F P02-10 2MiP 093 I 31E-02 0.937
D[' P02.1 I 2553.948 2.05E.03 0.998
OF P'02.12 2527.385 1.62E-03 0.998
OF P02-13 2500418 2 60E-03 099
OF P02-14 2473065 4 41E-03 0996

OF P02-1 5 2-145 339 i 66f1.-)3 0 Q93
.F P02-16 2417258 7 97E-O3 0992
OF P03-02 2683 950 9 23E.04 0 990
Di, P03-03 2662 249 2 40E-04 1 000
OF P03-04 2640075 3 761-.04 i(")

D) Pt)3-o5 20,I 7 394 1 i21 .s4 I l

DI: Pt3-.6 2594 193 5 b3l .04 0) 994O.F P03.? 2570)16 XSE

DF P03-03 254t, 3h7 4 121.0l 1 oi,;f
M P03.09 '621 ",l I "QL.O3 1 QQ
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--. '.% • -- - - . . - -- -,

-0 km ALTITUDE

0.060 TORR H20 (IN 211 TORR AT -38.0 DuG. C.? (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(1/cm) (Ilkm) AT 1000 M.

OF P03-10 2496.718 2.13E-03 0.997
SOF P03-11 2471.247 5.30E.03 0.995

DF P03-12 2445.365 6.67E.03 0.993
OF P03.13 2419.086 7.88E.03 0.992
OF P03.14 2392.427 1.03E-02 0.990

DF P04-02 2597.220 1.04E.03 0 99
DF P04.03 2576.160 1.47E-03 0.999
OF P04.04 2554.54, 4.24E-03 0.996
DF P04-05 2532.465 1.43E-03 0.999
DF P04.06 2509.887 2.14E-03 0.998

DF P04.07 2486.837 3.44E-03 0.997
DF P04-08 2463.334 5.18E-03 0.99"
DF P04-09 2439.390 6.99E-03 0.99"
OF P04-10 2414.990 8.09E-03 0.992
DF P04-1I 2390.170 1.38E-02 0.986

DF P04.12 2364950 4.20E 01 0.000
OF P04-13 2339340 3.91E 03 0.000
OF P04-14 2313.350 3.17E 01 0.000
OF P05.03 2,-91.620 5.49E-03 0.995
OF P05.-4 2470.630 4.55E-03 0.9)5

DF P05-05 2449.140 7.03E-03 0 993
OF P05.06 2427.170 7.49E-03 0.993
DF P05-07 2404.730 9.04E-03 0.991
DF P05-08 2381.830 1.29E 00 0.274
OF P05-09 2358.490 1.32E 02 0 000

OF P05-10 2334.730 2.31E OI 0.000
OF P05-11 2310.550 1.16E 01 0.000
OF P05-12 2285.970 8.97E-01 0.4(">
DF P05-13 2261.000 5.57E-01 0.573
OF P05-14 2235.670 8.67E-02 0917

OF P06-05 2367210 2.31E 01 0000

DF P06-06 23458.0 1.31E 02 0 00
DF P06-07 2323.990 7 45E 00 q 001
OF P06-08 2301 690 1 96E 01 0.000
DF P06.09 2278960 1 IE W 0320
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l0ilkl %I T11ltID1

0- ON) V IRR 112( I(i% 21! I()RR \I -. '( x l)II) ( I l( ,ntdl

L \SIER 1.110 V 1 I \ 1 1%III R I I( II()% IR.\%'s%IIrT.\\(1.I
(I 4 mI I, I /kill I J1i) %I

)F Po.l I1 2212 251. ) 191.-o ) 949
I)F P136- 12 2211x 290 4);1 .o02 9"0o"D IF Pl, b.13 .21,83 9~o 9 ,I *.1 -3 0992

I)F P" 14 2159 2#1• I 64l .113 10 998

D)F PII.,.5 2216 i4l) 2 3;1 .-Ml 0 790
)I- P07.06 22h." 740 2 01 -19 I) 0912

DF: P •2244 4711 i Xhl'.l 0831
WF P67.08 222? 760) 0 il!!.0I 0 896

DF P07.109 22(m) 631) 7 13Vj.102 0 931

DF P07.101 2178070 1 ) 1-..E02 0) 9)
DF P07-II 2155.110 2.00E-03 09 98

a DF P07-12 2131 770 6.94E.03 0 993
DF P08.04 2226 720 2.48"-02 0.975
DF P0)8.05 2206.950 4 21E.02 0.959

DF P08-06 2186.700 3 09E-02 0.970
DF P08-07 2166.010 2 88E-03 0997
DF P08-08 2144.870 1 44E.03 0999
DF PO8-O 2123 310 2 83E.13 0997
DF P08-10 2101 340 1.44F-03 0999

1)!- P98-1I 2078 970 7 48E.03 0.993
DF P08-12 2056 210 1 59E.03 0.948
DF P09-04 214" 160 5.34E-03 0995
DF P09-05 '2128.230 1 28E.03 0 999
DF P09.06 2108.540 I 33E.03 0 999

DF P09-07 2088 400 2.14E-03 0998
DF Pf9-b.8 2007 830 3 3QE-03 0 997
DI P09.09 2046 830 1 321"-03 0
DI) P09-1M 20)2i 420 3 67.-04 I

0•

ITI



II km ALTIrUI)m:

0031 TORR 1120 (IN 182 TORR AT -44.0 I)EG. C.)

LASER LINE WAVENUMIFR I'X'rINCTION TRANSMITTAN'(T
(I/m) (I/km) AT1000M,,

DF P01.I01 2884.943 1.191"-02 0 ,)w8 ;'
1)1: PO1.02 211862.647 9.601.04 0.999

I)1 P01.03 2839.786 6.45E.04 01,999

DF PO1-04 2816,376 6 37F.04 0,999
DF P01-05 2792.432 1.01 E-03 0,909

DF PO1-06 2767.967 8,34E.04 0,999

DF PO1.07 2742.998 3.05E.04 1,000

1F P0 1-09 2717.540 1,94r.04 I,000)

[)F PO1.-09 2691.608 5.461E.03 ( 0.095
DF P01.110 2665.217 5.74F-04 0.999

DF PO .I 2638,384 457E.-04 L.OW)
IF POI-12 2611. 124 2,,1 1-1.04 1.000
1) P.01-13 2583 453 4 06iAl..0.99
1)DF P1).-14 2555.388 I X 1l..C03 0.999
DF 1I)I-15 2426 143 1.21E-03 0.999

DF ['01-16 2498 135 2.019E-03 0.998

I)F POI-17 2468 981) 3 f2F.0I)3 O0,06

1)F I11.02-02 7172 440 I .O4F.I).3 0,999

DF I1'10.03 2750 084 2.47lj.)4 IL.OW)i

S.)F 1102.-04 2727 304 2 91 1:,,4 1.000

P02-0)5 27,997 I .l.:-04 .I *(0l4)

I)1: P02-0)6 2bso 177 2.4k) :..,l4 1 .000
I)F P02-07. 20 i5.362 4 llf!'-14 1 0)011
I)F P0 -0.18 2631(i S 3, I-ll I 3)1)
1)F1: I1l2-019 2w,11 )..i , 4 41 F.-04 I .)011)

F1 1 P02-10 2i 58,093 I.04E-0.1.2 0.990

1) '102.-11 2553.948 I .57E.03 0.99g

I)F P02-12 2527.385 I 251..03 o 999
1)F1: f102-1 2500A .418 1 0 IFL. 0.908

I)1: P ?, 14 '471 065 1 .1141.011 00 o

1) 1: P102 I- 2h4 4 . t3o 5 ,[•1 .I3.0 1.')?5.

1)1 1102-16 I ~~'0

I 1 I'V03 -12' i 4,Iq I- 0 7 9 .11F ! (0411

2. 1 I-03 0
.• " ' - t44• , I 'll, " ) .41 .1 ! .. 1

'.'1~~~ qIV)Q:4jl''
S I'll, ,•, 24It 1 !"3' .1 ,".l:] .0 (4 9916

100I)3-' 2 1.' e,.i l.21 E-03

Best Available COPY



I I km ALTITUDE

OW31 TORR 1120 (IN 182 T(ORR AT .44.0 DEG. C.) (Cont'd)

LASER LIvE WAVENUMBER EXTINCTION TRANSMITTANCE
(I/cm) (1/km) AT 1000M.

DF P03.10 2496.718 2.15E.03 0.998
DF P03-11 2471.247 4.12E-03 9.996

13 DF P03-12 2445.365 5.13E-03 0.995
DF P03.13 2419.086 6.09E-03 0.994
DF P03.14 2392.427 7.77E-03 0 992

DF P04-02 2597.220 7.66E-04 0.999
DF P04-03 2576.160 I.I E-03 0.999
DF P04-04 2554.548 3.29E-03 0.997
DF P04-05 2532.465 1.08E-03 0.999
Di P04-06 2509.887 1.64E-03 0.998

I)F P04.07 2486.837 2.65E-03 0.997
OF P04-68 2463.334 3.98E-03 0.996
D F P04-09 2439.390 5.39E-03 0.995
DF P04.10 2414.990 6.25E-03 0.994
DF P04.11 2390.170 I.OOE.02 0990

DF P04-12 2364.950 3.14E 01 0.0o0
DF P04-13 2339.340 3.27E 03 0.00m
DF P04-14 2313.350 2.22E 01 0000
DF P05-03 2491.620 4.48E-03 0.996
DF PO5-04 2470.630 3.50E-03 0.997

DF P05-05 2449.140 5.41E.03 0.995
DF P05-o') 2427.170 5 78E-03 0994

* DF P05-07 2404.730 6.98E-03 0 993
DIF P05-08 2381.830 8 531-01 0426
DF P05.09 2358.490 I OME 02 0000

DF P05-10 2334.730 1.75E 01 0.000
DF P05.-I1 2310.550 I 241:O 0000

* DF P05-12 2285970 6 91EU0I -!501
D)F. P05-b 2261 000 4 13E-OI 0 661
DF P05-14 22.35 670 6 Iir I:.;,, ,o;'

DF P06.05 2367 210 I 731.01 'I 000
OF P06-06 234i ,30 I W2E 02 ) Oqri)
DF P06-07 2323 990 5 3hlE 00 0 0i1;,
DF P11.16M . l ,,I I ,01 ; 2
Mi I10t.09 ; " 8i 51-I -21

82



|3

I I km ALTITUDE

V 0.031 TORR 1120 (IN 182 TORR AT .44.0 [)EG. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTrANCE
(I/cm) (Ikm) AT 1O004M

DF P06-10 2255.810 3.83E-01 0.682
OF P06-11 2232.250 3.94E-02 0.961

DF P06.12 2208.290 2.321".-02 0.97.7

OF P06-13 2183.960 6.24E.03 0.994
OF P06-14 2159.260 1.26E-03 0.999

OF P07-05 2286.540 1.74E-01 0.840

DF P07-06 2265.740 1.59E-01 0.853
DF P07-07 2244.470 1.40E-01 0.870

OF P07-08 2222.760 9.15E.02 0.913

DF P07-09 2200.630 5.35E-02 0.948

DF P07.10 2178.070 7.17E.03 '0.993
DF P07-11 2155.110 1.50E-03 0.999
D iF P07-12 2131.771) 5.42E-03 0.995
OF P08.04 2226.720 1.84E-02 0.982
DF P06-05 2206.950 3.23E-02 0.96&

DF P08.06 2136.700 2.33E-02 0.977

DF P08.07 2166.010 2.19E-03 0.998

DF P08-08 2144.870 8.52E-04 0.999

OF P08.09 2123.310 2.38E-03 0.998

OF P0R-10 2101.340 1.12E-03 0.999

DF P08-I I 2079.970 5.34E-03 0.995

DF PO8-12 2056.210 1.17E-03 0.999

DF P09.04 2147.460 2.61 E-03 0.997

_. DF P09-05 2128.230 9.91E-04 0.999
DF P09.06 2108.540 1. 1 3E-GJ 0.999

DF P09.07 2088.400 1.77E-03 0.998
OF P09.08 2067.830 2.48E-03 0.998

M DI P09.09 2046.830 6.22E-04 0.999

OF P09-10 2025.420 1.62E-04 1.000
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12 km ALTITUDE

0.013 TORR 1120 (IN 157 TORR AT -51.0 D)EG. C.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(l/cm) (1/km) AT IO0 M.

DI- POl-01 2884.943 9.53E-03 0.991
IF POI-02 2862.647 7.48E-04 0.999
DF P101-03 2839.786 3.67E-04 1.000
:WDF P01.04 2816.376 4.90E.04 1.000
DF POI-05 2792.432 7.45E-04 0.999

DF P01-06 2767.967 6.44E.04 ".999
D F PO1.07 2742.998 2.09E-04 1.000
DF POI-08 2717.540 9.74E-05 1.000
O F POI.09 2691.608 5.08E-03 0.995
DF POI-10 2665.217 4.06E-04 1.000

DI- PO1-I 1 2638.384 2.28E-04 1.000
DF POI-12 2611.124 1.68E-04 1.000
DF POI.13 2583.453 3.09E-03 0.997

DF POI-14 2555.388 1.38E-03 0.999
DF PO0I-S 2526943 9.12E-04 0.499

DF POI.16 2498.135 I.60E-03 0.998
DF P01-17 2468.980 2.78E-03 0.997
DF P02.02 .2772.440 6.46E-04 0.999
DE P02-03 2750.084 I.60E-04 1.000
i)F- **02-04 2727.304 1.88E-04 1.000

DF P02-05 2703.997 6.27E-05 1.000
DF P02.06 2680.177 1.59E.§'¶ 1.000
DI- P02.07 2655.862 2.95E-04 1.000
DF P02-08 2631.065 ..33E-04 1.000
DU PM2.09 2605.804 3.23E-04 1.000

DF P02-10 2580.093 8.14... 0.992
DF P02.11 2553.948 1. 19E.03 0.999
DF P02-;_2 2527.385 9.64E-04 0.999
DF P02-13 2500.418 1.53E-03 0.998
I) 1 P`02-14 2473 065 2.?OE-03 0.997

D)1" P02-15 2441.339 3.91 E.. 4 11996
DF P02-16 2417.258 4 751.-O. 0995
D)u P03-02 2683.951) 6 771E414 0 999
)I. PI03-03 .662.249 9 701j-0S I 000
I)1 P03.-4 26401)075 I 421.-04 I W000)

I)l- P03-05 26 17.394 9 471i--05 i 00(H)
1)1- P10-Ob 2594 193 I 13.-04 I 000
I)M P03-07 2570 51 2 9'IE.03 0 9'4
1)[- 1103.I)8 2546.367 I 191E-03 94 99
DO P03 09 2521 763 .3 69F.04 1 000

- w.



12 km ALTITUDE

S00 013 TORR 1120 (IN 157 TORR AT -51.0 DEG. C.) (Cont'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(l/cra) (l/kin,) AT 1000 M.

OF P03-10 2496.71;'a 6.63E-04 0.o999
DF P03-11 2471.247 1.37E-03 0.999
OF P03-12 2445.365 1.58E-03 0.998OF P03-13 2419.086 1.89E-03 0.98

OF P03-14 2392.427 2.33E-03 0.998

OF P04-02 2597.220 2.24E-04 !.000
OF P04-03 2576.160 3.46E-04 1.6000
OF P04.04. 254.548 1.03E-03 0."99
O. F P04-05" 2532.465 3.27E-04 1.000
OF P04.06 2509.887 5.05E.04 0.999

OF P04.07 2486.837 8. 15E.04 0.999
OF P04-08 2463.334 1.23E-03 0.999
ODF P04.09 2439.390 1.66E-03 0.998
OF P04.10 2414.990 940.9

OF P04-11 2390.170 2.77E-03 0.997

OF P04-12 2364.950 9.02E 00 0L000
0F P04-13' 2339.340 1.24E 03 0.000

DF P04.14 2313.350 5.4IE 00 0.004
O DF P1-03 2491.620 1.89E.03 0.998
DF P03.04 2470.630 I.08E-03 0.999

DF P05-05 2449.140 1.66E-03 0.998
DF P03-06 2427.i70 .719E-03 0.998
OF P03-67 2404.730 2.17E-03 0.998
DF P04-08 2381.830 1.81E-01 0.834
OF P04.09 2358.490 3.10E Of 0.000

DF POS-00 2334.730 .16E 00 0.906

OF PO5- 11 2310.550 3.08E 00 0.046
DF P0-S12 2285.970 2.13E-01 0.s0o
OF P04-13 2261.000 1.16E-01 0.899
DF P05.14 2234.670 1.95E-02 0.981

OF P0•-05 2367.210 4.94E 00 0.007

DF P06-06 2345.830 3.24E 03 0.000
OF P06-07 2323.990 1.44E 00 0.238
DF P06-04 2301.690 5.63E 00 0.999
DF P06-09 2278.960 2.92E-01 0.747OP P0- 33.70 5.1E0 .0



12 km ALTITUDE

0.013 TORR 1120 (IN 157 TORR AT -5 1.0 DEG. C.) (Coni'd)

LASER LINE WAVENUMBER EXTINCTI9N TRANSMITTANCE
(I/cm) (1lkm) AT I000 M.

DI. P96-10 2255.810 2.72E-01 0.762
DI, P06-11 2232.250 2.97F 02 0.971
DF P06-12 2208.290 i.75t-02 0.983
1F P06.13 2183.960 4.45E-03 0.996
DF 6-14 2159.260 9.30E.04 0.999

DF P07.,5 2286.540 1.28E-01 0.880
DIF- P07-06 2265.740 1.19E-Oi 0.888
DF P07.07 2244.470 1.03E-01 . 0.902
DF P07-08 2222.760 7.41E-02 0.929
IF P07.09 2200.630 3.95E.02 0 '•I6

fis- P07. 10 2u 78.070 4.02E.03 0.995
P , 07-11 2155.110 1.1 2E-03 0.999
P07-12 2131.770. 4.21E-03 0.996

I), P08-04 2226.720 1.36E-02 0.987
I)F P08-O! 210)6.950 2.42E.02 0.976

DF P08.06 2186.700 1.73E-02 0.993
I)F P03.07 2166.010 . .65E-03 0.993
DF P08.08 21,44.870 5.40E-04 0.999
DF P08.09 2123.310 2.02E-03 0:99a
DF ru,-I0 2101.340 8.65E-04 0.999

IF POS.I I 2071t.970 3.75E.03 0.996
DF P08-12 205t,.210 8.57E-04 0.9-)
DF P09.04 2147.460 1.3 i E-03 0.999
lF P09.05 2128.230 7.61E-04 0.999
DF P09.06 2108.5", 9.73E-04 0.999

DF P09.07 2088.400 .1.50E-03 0.998
O)F P1•-08 2067.830 I.R5E-03 0.998

FF 199-09 2046.830 2.%41.04 1.000
Du P09. 10 2025.420 6.43E-05 IA.t)O

86
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t-f! 13 km ALTITUDEF

•" ~~O.Wt)• TORR 1120 (IN 134 TO)RK• AT -S7.0 Ioi:(. c.)

LASE-R LINE- WAVtENUMBlER E-XTINCTION TRANSMITTANCE.
I i/ora (l/kni) AT I6,A) M.

M~. 110i-0) 2X84.943 7.541:.03 0.92
!D1. PO 1-02 2862 647 5.771:.04 0.999
DI.i P0 1I-03 2X39.786i 2.24E".04 !.0(my)
DI. PO 1-04 291h,.376 1. 91 E.04 J .000~
Di. P01.05 2792.4.12 5.361:-04 0 999

DI1- POI) .-Oh 2767 967 1. 3E-04 0.999
IN. PO1 -07 2742.99M 1.471'..04 LOW

M,• ~. P0 1l-08 2717 540 5.40F:-05 I.OOO)
DIl. P41l-09 2691.608 4.72E-03 0.995
DI1. P0I-I0 2665.217 2,90Fl.04 I.000

DI1. P10I-! 2638.3X4 1 .28r.-04 L.OW
DI- 1101-12 2611i.124 1.231:.04 1.0OODi- POl.13 2583.453 2.35E-03 0.998

'13. P01.14 2555.31178 1.0411.03 0.999
DIF IPi-15 2526.943 6.861"-04 0.999

M). POi-16 2498.1.15 1 22E-03 0.999
DIl. iqH?-!7 2468.980 2.11 E-03 03.4"•
M,•Ii P02-02 2772.440 4.31 E.Oa 1.000
DI. N)2-[3 2750.0.4 I.ORE-m U 1.001
DI1. P12.04 272".104 1.2A1.:-. O.WC.)

M), P0)2.05 2703.997 3.99E-05 09P
i)1 P1102-06 260. 177 I.071"-04 1.900

IN. M)2 01.07 2653.862 2.23E-04 1.00
)1 P012-08 2631.065 1.72:E-04 L .OW1)

D)u P02.09 2605 8.34 2.401-04 LOW9

D!- P0)2- h6 2.780.093 6.24E-03 0.994
M)1. 12 1 2553.949 9.01.E-04 0.94)
0)11 P02-12 2527.31 5 7.40E.04 0.999
W.I" P01-, 259148 e. 1 IE.-03 0.99q

Dfl. P112.14 2473 (116 I1 qEl:.i)3 o.000

I)t. P02-15 244133.3 2.971:-03 0.997
DIl P02.16 2417.2i8 .62:E-03 0.996
IN)" P03-02 26Q3.9450 .871:-04 0.949
I)I P03-.1 246.9.1) 2421. I-0" ;.Q?
DI)" P0.1-14 2740 075 9.3i-hI.05 1000

lD- PM)3.05 2617 384 1.41.-04 1.000

DI)" P0.1300 2584.192 2 1'11:-04 1,000Dl. P0.-07 2670).3816 4 401i40 0995

DI2. -Id, 2.546.367 2.171.03 0.998
M.) P02-19 2521 763 1951E.04 0.999
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13 km ALTITUDE

0.006 TORR 1120 (IN 134 TORR AT .57.0 I)EG. C.) (Con'd)

LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE"
(/1km) .. (1Jkm) AT 1000 M. "

OF P03.10 2496.718 1.25E-03 0.999
DF P03. 11 2471.247, .2.45E-03 0.998
DF P03,12 2445 365 2.98E-03 0.997
OF P03.13 2419.086 3.58E-03" 0.996
OF P03.14 2392.427 4.42E-03 0.996

DF P0-Wi2 2597.220 3.07E-04 1.000
OF P04.03 2576:160 6.35E-04 0.999
Di- P04.04 2554.548 1.94E-03 0.998
DF P04.05 2532.465" 6.17E.04 0.999
OF P04.06 2509.887 9,52E-04 0,999

OF P04.07 2486.837? 1.54E-03 0.998
DF P04-08 246,3.334 2.32E-03 0.998
DF P04.09 2439.390 3.15E-03 0.997
OF P04.10 2414.990 3.67E-03 0.9%
DF P04-11 1390.170 5.25E-03 0.995

DF P04.12 2364.950 !.68E 01 0.000
OF P04-13 2339.340 2.15E 03 0.000
DF P04-14 2313.350 1.00E 01 0.000
DF PO5-03 2491.620 2.89E-03 0.997
DF P05,04 2470.630 2.05E-03 0.998

OF :"..5-05 2449.140 3.15E-03 0.997
OF P05.06 242" 170 3.40E-03 0.997
DF PO5-07 2404.730 4.09E-03 0.996
DF PO5-08 2381.830 3.44E-01 0.709
DF P05-09 2358.490 5.86ti 01 0.000

DF PO5- 10 2334.130 9.78E 00 0.000
OF P05-11 2310.55G 5.60E 00 0.004
DI. P05-12 2285.970 4.021E-01 0.669
DIF Po5.13 2261 000 ).19E.0I 0.803
I)F PO5-14 2235.670 j.65E-02 0.964

!F P06-05 2367.210 9.36E 00 0.0M0
DF P06-06 2345.830 6.IOE 01 0.000
OF P06.07 2323.990 2:68E 00 0.068
DF P06-08 2101.690 7.811E00 0,00f
i)I. P()6-09 22-:8.960 4.78E-01 0.620)
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13 km ALTITUDE
.- - 0.006 TORR H20 (IN 134 TORR AT .57.0 DEG. C.) (Conz'd)

LASER LINE WAVENUM1BER EXTINCTION TRANSMITTANCE
(1/cm) (1/km) AT 1000 M.

DF t06-10 2255.810 1.93E.01 0.825
DF P06.1i 2232.250 2.21E-02 0.978
OF P06-12 2208.290 1.3 1E-02 0.987
OF P06-13 218960 3.16E-03 0.997
OF P06-!4 21S9.260 6.876E-04 0.990

DF P07. 06, 2286.540 9.37E.02 0.911
DF P08-06 2265.740 .811E-02 0.916
DF rP7-o7 2244.470 7.54E-002 0127
DF P07.03 2222.760 5.99E-,3 0.942
OF P07,09 2200.630 2.89E-02 0.972

OF P07-10 2178.070 3.38E-03 0.997
DF P07.11 2156.110 6.31E-04 0.999
OF P07-12 2131.770 3.22E.03 0.997
DF P09-04 2226.720 i.09E.02 0.990
DF P09-05 2206.950 !.60E-02 0.982

DF P09-06 2186.700 1.27E-02 0.987
OF PO9.07 2166.010 1.24E-03 0.Q99
OF PO0-09 2 i 44.870 3.7",E-04 1.000I•DF PQ8-09 2123.31!0 1.72E-03 0.998
ODF Pos.-10 2101.340 6.69E-04 0.999

DF P08-10 2072.970 2.63E-03 0.997
OF P08. i 2 2056.21!0 6.23E-oý 0.9"9
OF P09-04 2 147.460 7.78E-04 0.999
OI, F P09-05 2128.2.10 5.79E-04 0.999

OF P09-06 2108.540 8.61 E-04 0."99

OF P09-07 208.8.400 1.30E-03 0.999
OF P09.08 2067,830 1.39E-03 0."99
OF P09-09 2u46.830 1.67E-04 L.OW•

SDF P09-10 '1025.420 2.88iE-05 1.000

I.

I
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i• 14 km ALTITUDE

•e- ~0.006 TORR 1120 (IN 115 TORR AT, -57.0 DEG. C'.)

LASER LINE WAVENUMBER EXTINCTION TRANSMITT'ANCE
(i/cm) (|/kin) AT 10030 M.

OF POI-01 2884.943 5.79E-03 0."94
DF PO1-02 2962.647 4.34E-04 1.000
O DF POI-03 2839.786 2.19E-04 .. 09-VI

O" F P01.-04 2916.376 2.99E-04 1.000
OF Pot -05 2792.432 4.13E-64 i.000

D F POI-06 2767.967 4.34E-(4 1.000
O• F P01 -07 2742.998 1 .09E-04 !.000
D F Po i -08 2.717.540 4.29E.05 ! .000
"ODF PO 1 -09 2691.609 4.44E-03 0.9"6
D F POl-lO 2665.217 2.17E-04 L.oo0

D F POlI- 2639.384 kA IT.00E
.F P06-12 26 (.N24 1 .1OE-05 1.000

(IF /1-m3 25)3.453 1.(11£ -T3 000.
DF POI-14 2555.388 7.65E-04 0.994
OF POl-15 2526.943 5.02E-O4 0.900

DF P01-16 2498.135 8.94E-04 0.999
OF PO0-17 2468.980 L55E-03 0.990
ODF P02.02 2772.440 3.29E-04 1.000
OF P02-03 2750.984 "8.1SE-0 1.000
DF P02-04 2721.304 9.46E-05 1.000

DF P02-05 2703.50 3.071E-05 1.000
"DF P02-06 2680.177 4.45E-05 1.000
OF P02-O7 2665.962 1.78E-64 1.000
"DF P02-01 2631.065 .28IE.04 L.000
OF P02-09 2605.804 1.78E-04 1.000

* OF P02-10 2580.04.3 4.81E-03 0.995
DF P02-14 2553.9438 6.oIE-04 0.999
OF P02-12 2527.395 5.54E-04 0.999
DF P02-13 2500.418 8.51 E.04 0."99DF P62.14 2473.W35 I.42E-O4 0.999

DF 0•4. 1 2445.339 2.17E.03 0.998

DF P00-16 2417.259 2.65E-03 0OW9
OF P02.02 2673.940 5.27E-04 0.999

- DF P03-03 2662.249 4.4E6105 1 000
OF P03-04 2640.075 7.12E-05 1.0001

DF P02-O5 2617.38. 1 93.-04 1.000
OF P03-06 2594.1793 2.4E-04 1000
Di- P03-07 2570.516 6.29E.03 0 04
OF P03-03 2546 367 2.86E.03 0.997
O1F P03-09 2521.763 9.1I9E-04 0.999
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L 14 km ALTITUDE

0.006 TORR 1120 (IN 115 TORR AT -57.0 DEG. C.) (Con'd)

. LASER LINE WAVENIJMBER EXTINCTION TRANSMITTANCE
(I/cm) (11km) AT 1000 M.

DF P03-10 2496.718 1.65E-03 0.998
1)1: P03-1I 2471.247 3.19E-03 0.997
.)F P03-12 2445.365 3.93E-03 0.99b
1)! P03.13 2419.086 4.70E-03 0.995
DF P03-14 2392.427 5.88E.03 0.994

DI- P04.02 2597.220 5.51E.04 0.999
DF P0,9.03 2576.160 8.43E-04 0.999
DF P04-04 2554.548 2.54E.03 0.997
DF P04-05 2532.465 8.19E.04 0.999
DF P04-06 2509.887 1.25E.03 0.999

DF P04-07 2.486.837 2.03E.03 0.998
DF P04-08 2463.334 3.06E.03 0.997
D I)F P04-09 2439.390 4.14E.03 0.996
DF P04.10 2414.990 4.82E-03 0.995
DF P04-I11 2390.170 7.22E-03 0.993

DF P04.12 2364.950 2.30E 01 0000
DF P04-13 2339.340 2.68EE 03 0.000
DF P04.14 2313.350 1.49E 01 0.000
DF P05-03 2491.620 3.61E.03 0.996
DF P05-04 2470.630 2.69E-.3 0.997

DF PO5-O5 2449.140 4.15E-03 0.996
DF P05-06 2427.170 4.46E.03 0.996
INF P(.07 2404.730 5.37E-03 0.995
DF P05.08 238t.830 5.40E-0I 0.583

F" P05-09 2358.490 7.75E 01 0.000

DF PO5-10 2334.730 1.31E 01 0.000
DF P05.1 I 2310.550 8.50E 00 0.000
01, P05- 12 2285.970 5.30E.01 0.589
DF P05-13 2261.(M0 3.02E-01 0.739
fDl I'05-14 2235.6"70 4.9iE-02 0.952

)F P06-05 2367.21P 1.2RE 01 . 00J0
DF P06-06 234S.830 7.95E 01 0.00)0
D!I P06-07 2323.990 3.81E 00 0022
DI. P'16-01• 230)1 •it) o :1i "1 0 000
I)1 11(1-.09 227X" 46c}0 6 43h-11 I 526
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V 14 km ALTITUDE

0.006 TORR H20 (IN 115 TORR AT -57.0 DEG. C.) (Cont'd)

LASER L1'JE WAVENUMBER EXTINCTION TRANSMITTANCE
(I/cm) (lkm) AT 1000 M.

DF P06:10 2255.810 1.42E.01 0.868
OF P66-i! 2232.250 1.62E-02 0.984
DF P06-12 2208.290 9.57E-03 0.990
DF PO-6-3 2183.960 2.40E-03 0.998
DF P06.14 2159.260 5.06E-04 0.999

DF P07-05 225f,540 6.89E-02 0.933
DF P07-06 2265 740 6.6E-.02 0.935
DF P07-07 2244.470 5.59E-02 0.946
DF P07-08 2222.760 5.22E-02 01949
"OF P07-09 2200.630 2. 2E-02 0.979

OF P07-10 2178.070 2.SOE-03 0.998
OF P07-1! 2155.110 6.28E-04 0.999
Di P07-12 2131.770 2.39E-0J 0.998
OF P08-04 2226.720 7.32E-03 0.993
OF P08-05 220b.9S0 1.35E-02 0.987

DF P08-06 2186.70(4 9.48E-03 0.991
OF PW8-07 2166.010 9.a4E-04 0.999
OF P08-08 2144.870 2.79E-04 1.000
DF P08-09 2123.310 1.45E-03 . 0.999
DF P08-10 2101.340 S.19E-44 0.999

DF P08-11 2078.970 1.94E-03 0.998
DF P03-12 2G56.210 4.58E-04 1.000
DF P09.04 2147.460 5.97E-04 0.999
OF P09-05 21 8.230 4.35E-04 1.000
DF" P09-06 2108.540 7.82E-04 0.999

OF P09-07 2088.400 1.13E-03 0.999
DF P09-08 2067.830 i.03E-03 0.999
DF P0o.09 2046.830 1.27E.04 1.000
DF P09-10 2025.420 2.37E-05 1.000

92



15 km ALTITUDE

"0.00b TCOZ7, It i. 1.4 98 TORR AT -57.0 DEG. C.).

* . LASER LINE WAVENUMBER EXTINCTION TRANSMITTANCE
(I/cm) (1/kin) AT 1000 M.

• DF P01-01 2884.943 4.37E.03 0.996
4 DF PO1.02 2862.647 3.21E-04 1.000

DF Po01-03 2839.786 2.27E.04 1.600
DF P01-04 2816.376 2.32E.04 .1.000
D F POI-05 2792.432 3.04E.04 1.000

DF PO1-06 2767.967 3.95E-04 1.000
DF POI-07 2742.998 8.07E-05 L.0o0
DF PO1-08 • 2717.540 3 39E-05 1.000
DF POI-09 2691.608 4.13E.03 0.996
DF P0i-10 2665.217 1.60E.04 1.000

DF PO.-I I 2638.384 7.87E.05 .1.000
DF POI-12 2611.124 6.66E-05 1.000
DF POI.13 2583.453 1.39E.03 0.999

DF POI-!4 2555.388 5.53E-04 0.999
DF POI-15 2526.943" 3.63E-04 (00

DF POI-16 2498.135 6.47E.04
DF POI.17 2468.980 1.12E-03 o.,,,9
DF P02-02 2772.440 2.47E.04 1.000
DF P02-03 2750.084 6.13E-05 1.000
DF P02-04 2727.304 7.06E.05 1.000

DF P02-05 2703.997 2.35E.05 L.000
DF P02-06 2680.177 6.00E-05 1.000
DF P02-07 2655.862 i.40E-04 1.000
DF P02-08 263 1.065 9.37E-05 1.000
DF P02-09 2605.604 1.30E-04 1.000

DF P02-10 2580.093 3.48E-03 0.997
DF P02-11 2553.948 4.79E-Od 1.000
DF P02-12 2527.385 4.12E-34 1.000
DF P02-13 2500.418 6.1SE-04 0.999
DF • P02-14 2473.065 • 1.04E-03 0"999

DF P02-15 2445.339 1.57E-03 0 998
DF P02-16 2417.258 1.91E-03 0.998
DF P03-02 2683.950 4.66E.04 1.000
DF P03-03 2•62 -:- 3 7211.05 Ic
DF P03-04 2640 075 5 36E-05 1.01)

DF P03.05 2617.304 1.18E-04 !.000
DF P'03-06 2594.193 i.55E-04 1.000

* DF P03-07 2570 516 3 66E.03 3.996
D DF P03-08 2546.367 1.62E-03 (1998
DF P03-09 2521.763 5 '19E-04 0.999
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15 km AILTITUJI)E

006 TORR If20 (IN 98 TORR AT -W7." DEiG. C.( CCor't't1

LASIER LINi WAV•-NI\MIIIR EXTINCTION' TRANMI ITA NCI:
(I/cm) /a(/knd• Ar I nwo %I.

1) F P03.10 2496.718 6.63E-04 0.999
DF P03.1 I 2471.247 1.37E-03 0;999
DF P03-12 2445.365 I.58E-OJ 0.998
DF P03-13 2419.036 i.89E-03 0.998
DF P03-14 .392.427 2.32E-03 0.993

DF P04-02 2597.220 2.24E-04 1.0LO
DF P04-03 2576:1•0 3.46E-04 1.030
DF P04.04 2554.548 1.03F-03 0.999
.DF P04-05 2532.465 3.27E.04 1.040
DF P04-06 2509.887 5.05E-04 0.999

DF P04-07 2486.837 8.15E-04 0.9'9
DF P04.08 2463.334 1.23E-C3 0.999
DF P04-09 2439.390 1.66E-03 0.998
D F P04-49 2414.990 1.94E-03 0.998
DF" P04-11 2390.170 2 77E-03 0.997

DF P04-12 2364.950 9.02E 00 0.000
DF P04-13 2339.340 1.24E 03 0.000
DF P04-14 2313.350 5.48E 00 0.W)4
DF P05-03 2491.620 1.89E-03 0.998
DF 005:04 2470.630 i.08E-03 0.999

DF P05-05 2449.140 1.66E-03 0.998
DF P05-06 2427.170 1.79E.03 0.998
DF P05-07 2404.730 2.17E-33 0.998
"DF P05-08 2381.830 i.81E-01 0.834
DP P05-09 2358.490 3.10E 01 0.000

DF P05-10 2334.730 5.16E 00 0.006
DF P05-11 2310.550 3.08K 00 0.046
DF P05-12 2285.)70 2.13E-01 0.808
DF P05-13 2261 000 1.16E-01 0.891
DF P05-14 2235.670 1.95E-02 0.981

DF. P06-05 2367.210 4.94E 00 0.007
DF P06-06 2345.830 3.24E 01 0.000
DF .P06-07 2323.990 1.44E 00 0.238
DF P06-08 2301.690 5.63E 00 0.004
DF P06-09 2278.960 2.92E-01 0.747
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15 km ALTITUDE

0.006 TORR i120 (IN 98 TORR AT -57.0 iI.G. C.) (Cont'd)

LASER LINE WAViENUMBIER EXTINCTION TRANSMITTANCE
(I//cm) (I/kni) AT 1000 M.

Dlf- P06-10 .. 2255.810 1.031,01 0.902
DI P06-I I 2232.250 1. 1 7E.02 0.988
DF P06, 12 2208.290 6.921.-03 0.993
OF P06-13 2183.960 I.79E-03 0.998
DF P06-14 2159.260 3.68E-01 1.000

DF P07-05 2286.540 4.99E-02 0.951
DF P07-06 2265.740 5.03E-02 0.951
DF P07.07 2244.470 4.07E-02 0.960
DF P07-08. 2222.760 4.47E-02 0.956
DF P07-09 2200.630 1.54E-02 0.985

DF P07-10 2178.070 1.82E-03 0.998
DF P07-1l 2155.110 4.70E.04 1.000
DF P07-12 2131.770 1.75E-03 0.998
DF P08.04 2226.720 5.29E-03 0.995
DF P08.05 2206.950 9.93E.03 0.990

DF P08.06 2186.100 6.96E-03 j0.993
DF P08-07 2166.010 6.66E-04 0.999DF P08-08 2144.870 .2.05E-04 1.000
DF P08-09 2123.310 1.22E-03 0.999
DF P08-10 2101.340 3.95E-04 1.000

CF P08-1I 2078.970 1.41 E-03 0.999
DF P08-12 2056.210 3.32E-04 1.000
DF" P09-04 2147.460 4.54E-04 1.000

-. DF P09.05 2128.230 3.23E-04 1.000
DF P09-06 2108.540 7.15E-04 0.999
DF P09.07 2088.400 9.82E-04 0.999

DF P09-08 2067.830 7.53E-04. 0.999
v DF P09.09 2046.830 9.62E.05 1.000

DF P09-10 2025.420 1.93E-05 1.000
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